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© - STATEMENT OF ASSURANCE

Y .
[T IS THE POLLCY OF THE,QREGON EPARTMENT OF EDUCATION

THAT NO PERSON BE SUBJECTED TO DP&QRIMINATTiN ON THE
HANDIGAP OR

v

BASIS OF RACE; NATIONAL ° IGIN, SEX, AGE,
MARITAL STATUS IN ANY PROGRAM, SERVICE OR ACTIVITY FOR

' WHICH THE OREGON DEPAZ;MENf OF EDUCATION IS RESPONSIBLE.

THE DEPARTMENT WILL COMPLY WITH THE REQUIREMENTS OF STATE

AND FEDERAL LAW CONCERNING NON‘DISCRIMINATION AND WILL

\

STRIVE BY ITS ACTIONS TO ENHANCE THE DIGNITY AND WORTH

OF ALL PERSONS. .

r . I 4
| ) g . .

STATEMENT, OF DEVELOPMENT

-

- THIS PROJECT WAS DEVELOPED AND PRODUCED UNDER A SUB-CONTRACT
“  FOR THE OREGON DEPARTMENT OF EbucaTion.BY LANE COMMUNITY

o CoLLEGE, APPRENTICESHIP Drvision, EuceNe,” OReGON, 1984, .

LANE. COMMUNITY COLLEGE IS AN AFFIRMATIVE ACTION/EQUAL
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12 Correspondence Course, Lecture 1, Sec. 2, Steam Generators, Types 12.1 Boilers, Fire Tube Type
_ o of Boilers I, S.A.1.T.; Calgary, Alberta, Canada
3 12.2 ! CorrespondeA:e'Course, Lecture 2, Sec. 2, Steam Generators, Types " 12.2. Boilers, Water Tube Type
of Boilers II; S.A.1.T., Calgary, Alberta, Canada ’ .
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12.3 Correspondence Course, Lecture 2, ec. 2, Steam.Generators, Boiler 12.3 Boilers, fonstryction
Construction & Erection, S/A.1.T., Calgary, Alberta, Canada
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12.4 Correspondencé Course;y Lecture 4, Sec. 2, Steam Generators, Boiler 12.4 Boilers, Fittings
F1tt1ngs IT, S.A.L.T., Calgary, A]berta, Canada ' '
12.4 Corresondence Course, Lecture 4, Sec. 2, Steam Generators, Bo11er 12.4 Boilers, Fiftings
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12.5 Correspondence Course, Le ture 10, Sec, 27 Steam Generation, Boiler 12.5 Boiders, Operatioh
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13.4 ) , : 13.4 Calculating Heat & Flow .
L13.6 : ” . 13.6 Monitoring & Troub]eshooting
13.7 - . R . ' 13.7 Maintenance
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14.3 Correspondenc Course, Lecture 6, Section 3, Steam Generators, Steam .3 :Steam;?Transport
2.8 . Generator Cont 1s, S.A LT, Ca]gary, A]berta ‘Canada - ‘y_ T ]2 8 Boilers, Instruments & o
, o e < T Controls " L
14.4 Correspond ce Course, Lecture }1, Section 2, Steam Generators, - "£~14.4';Steam Pur1f1cat1on
] Piping 1I, S.A.1.T., Calgary, Alberta, Canada . L . T
19.1 “Correspondence Course, Lecture 1, Sec. 4, Prime Movers & Aux111ar1es, ”]55};'Steam-Turbines, Types
_ Steam Turbines, S.A.1.T§ Cakgary,.A]berta, Canada R i
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| “15.5 Correspondence Course, Lecture 8 Sec. 3, Prime Movers, Gas Turb#hes, 15.5 Gas Turbines v
S.A.1.T., Calgary, A]berta, Canada o '
16.2 Boilers F1red with Nood and Bark Res1dues,LD D. Junge, F.Rfk;,'O.S,U. 16.2 Combustion Types of Fuel L
8 . ]975 B T - :
16.2 Correspondence Course, Lecture 5, Sec. 2, Stsam Generators,. Fuel 16.2 Combustion Types of Fuel ,
Combustion, S. A [.T., Calgary, A]berta Canada - - o ' =
16.3 (‘Correspondence Course Lecture 5, Sec. 2, Plant Services, Fuel & © 16.3 Combustion, Air & Fuel Gases’
: Combustion, S.A.1.T., Calgary, A]berta, Canada . ' .
17 CorreSpondenge Course, Lecture 12, Sec. 3, Steam Generation, Water ‘ i 17.1 Feed Raterf“?ypes &
: Treatment \@ J1.T., Calgary, A]berta, Canada .- Operation
17.2 ‘Lorrespondenoe Course, Lecture 12, Sec. 2, Steam Cenerat1on Water 7.2 Feed nater, Water Treatments
. Treatment, S.AL.T., Ca]gary, A]berta, Capada _ . oL ’

® ’ ' N : - . ’ : o
N B - ) / A



, R - . ] M . ] N PR
. . - LI ' l o \ R N 4 .
\ . M . . .. * ! ! - . . . .
. . ~ - [ . . ’
’ . . . ’ . - . .
- ] . | '

Statiohary Engineer v > o : - e . o, I '
Supplementary Reference Directory : : . . . ! : .
L DS S B "
- » L . ‘“' . 'f"’ ~. ] - b _\l ‘ . . . ., P
- “Supplementary R ' - ‘ ' - '
‘ -Packet M- Description L - o ool Related Training Module
u }7.3 . . " Correspondence Course, Lecture 7, Sec. 2, Steam Generptors,| Boiler 17.3 féed Mater, Testing
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18.{ ’ Corresponéence Course, Lecture 25 Sec 5, E]ectr1c1t 'DiraLt ~18.1 ,Gengrators, Types.&-
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i & Circuit, Protect1ve Equipment, S+A.I1.T., Calgary, Alberta, Canada
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R RECOMMENDATIONS FOR USING TRAINING MODULES_
The fo]jowing péges 1ist modules and their corresponding numbers for this
part1cu1ar apprenticeship,trade. As related training classroom hours |
vary far different reasons throughout the stafe, we récommend that
the individual apprenticeship committees divi e the total packets to
fit their individual class schedules. .
p
There are over 130 modu]es.avai]ab]e Apprenticgs can comp]éte the
whole set by the end of the1r indentured apprenticeships. Some .
.apprentites may already have knowledge and skills that are covered
in particular modu]es In those cases, perhaps credit could be
granted for those subjects, a110w1ng apprentc1es’ko advance to the
remaining modules. ‘ '

'S

We suggest the the apprent1cesh1p instructors assign the modules in
t o«

numerical order to make this 1earn1ng tool most effect1ve
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SUPPLEMEN®ARY INFORMATTON

 ON CASSETTE TAPES

..

Tape 1: Fire Tube Boilers -‘Water Tube Boilers
and '‘Boiler Manholes and Safety Precautions .

v

Tape 2: ‘Boiler Fittings; Valves, Injectors,
- Pumps and Steam Traps

Tape 3: . Canbustion, Boiler Care and Heat Transfer
and Feed Water Types b

*

. Tape 4: Boiltii Safety and Steam Turbines

’

y

NOTE: The above cassette tapes are intended as additional
r§ference material for the respective modules, as
indicated, and not designated as a required assignment.
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" BOILERS —- FIRE TUBE TYPES
g .

’

e e

')

' Goal:

~Performance Indicators:

The apprentice will be able to describe 1. Distinghish between fire tube

types of fire tube boilers.

2. Describe
boilers.
. Describe
4, Describe
5. Desgcribe
. types of
6. Describe
7. Describe
8. Describe
9. Describe
0. Describe
boiler.
11, Descrihe

4

and water tube boilers.

horizontal return

scotch boilers.’ ’
one and two-pass® boilers,
dryback and wetback
boiler. '

packaged boilers.

firebox boilers.
externally fired boilers.
internally fired bpilers,

shell internals of a,

safety devices and practices

with fire tube boilers.




“Study Guide

INSTHUCTIONAL LEAHNING SYSItMS
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¥ Read the
package.

* .Read the
* Read the
K Compléte
~#*  Complete

Complete

N . \
\ ' ' '\. ’

’

goal and performance indicators to determine what*is to be learned from

A}
.

vocabulary list to find new words th?t will be used in package, .f

¢

4
Ay

introduction and information sheets,

the job ksheet.

N
N : )
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self-assegsment.

post-assegssment .

K
_ ! ”
/
-
¢ )
N .
L]
Ql )
\
. . / ¢ L4 w
%
r- » {’
), \
{ o4

17




* . Blow-off connection

#'flntérnally fired boilers
f Internal furnace boilers
* bne pass boiler |
.*j* Pack.aged firetube boiler
¥ _Safety valves
* Scotch boilers ’
" Steam dome |
* Steam outiet
‘*“ Smoke box

*  Smoke stack ‘

¥ Tube plates

b4

| Two-pass boiler

b4

Water-leg
* Watertube boiler

*# Wetback boiler

fap, , v
* ;Dryback bd}ler 3%??_-§§ Ay ” '
* 5Externally fired boiler.
S fEiretube boiler’ )
'*£ Horizo6tal return tube‘boiler,. _ y N '

-




\ R : : ‘ i .
) o~ \
' ! “INO | HU% HUNAL LEARNING OYD I EVID ‘
‘.\. s 4 ‘ ' - e
\ . b -
; * \
- ' J
N — s . : /

- Introduction

\

o

v \. - had ¢ . ' ’ . ,/
a;\ . - M N . e - — f . L

. « ! : : . _ 4
digh ressure voilers can be divided into major classifications—-firetibe aad
3 N firetube ,
watertube. A {iretupe boiler 1as tuved taat,carry flue zases irom the iluevox. . .

The tubdes are surrounded with water. &s the gages travel througn the firetubes,
the surrounding vater is heated to sroduca stéa.. '

A wvatertupe boiler circulates water tnrouzh tuves instead oi, flue gasses. ot
flue gasses, outside the tUbES( neat the water in tpe tubes and produce steam.
This pacicage will describe the firetube bdoiler. Anot%er package will describe
watertube boilers, , AR - ' :
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Information -
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A steam boiler f{s merely a steel container in which water gan be heated to.
pradug® steam. The water is heated and evaporated into_steam that drives a
prime nover such as the steam tLurbine. . i ’
The firetube boiler uses tubes to carry the heat throughout the water. Close °
contact between water and heated tubes makes steam production more efficient.
The principle of the firetube boiler is shown in the folloWLng dlaoram.
. » M
\ . o M . . L4 *
- ) ¢ . s ° . ’
S
.\
»
L}
o
. . . . 0y '
Firetube Doiler B Watertube Boller :
=
Fircidbe boilers are simnle in construction and low first costs aake then
suitable for many appllcatlons in steam generation. idany variations in design
help to improve tne efficiency and adaptability of the firetube boiler. .
Al 2
tlorizontal Return Tube Boiler ) .

A horizontal return tube boiler has firetubes running the length of the, bojler
/ shell. The top vortion of the boiler is above water level and allows steam] to
i collect. Horizontal return tube boilers can use a variety of fuels. ''A.dia%jram
of the horizontal return tube boiler follows,

.. Solery-valve

T{L : . _B
. .
team norrie ’ I r - )
“T ...7 Sl . Mmhole connection o
———— A . . +
e - '
.

b4 e

i/y]“ Ory pwpe * I

’ “ D p feed pipe
:—-I—————*“*r%"—--*—“*"——j*‘—r—‘:—‘%
-_— —— . — ‘..A.-.Al,_...— ———

\ . R,
pae g — — [ [E—— ,
T e T T T T T I T e e e S . yw—
\ gz smps — . pTT——" ST R : ]
s ———— T X e - T o e Y-
— - T T pe—— = = .
§]

Smode

bor ~ g‘x P re————————————————re e PP T SRS RCEE
)

’ 0 k - y e = ) ..\j».. Py A ———ay T .
N Thiough stoy l s
o ) . = Rlowitiien
] ; . . . conngc bion

‘ ,

. ] ‘ e | - .

Eimtantant:
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Scotca Boilers ; .o ' . p ) J
v . ) o
- Scotch boilers arer §elf-contained units with the firebox inside" the boiler
snell. The furnace s located beloy the firetubes. As gases, are produced, ,
they flow into a chambey at the end of the boiler and then pass through the .
firetubes to the smol¢¢box.  Such boilers aresometimes callec internal furnace v
voilers. Scotch boilers are of welded construction with a refractory’ type rear ¢
. chapber to send the gases back through the. firetubes to the smokebdx. ». .
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/1Two Pasw Boilers _
- 3 . - ' - . .
I'wo.. pdss doilers have two sets of firetubes. The gasses pass throush a short
set " of tubes and return back tnrough a long set of tubes. The lonz tubes are
smaller tnan the short tubes. :
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S In drybac.< type b01lers the fumace opens into a refractory lined chamber \N;uch _
"7 _causes the gasses to flow oack through the firetubes. The chamber is dry whlch .
glves it the name "dryback. A brick llqmg is used for the chanoer ' Lo
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Firebox Boiler ' : ' Lo .\ //

This boiler is a lbw cost, efficient and compact type: that is usually used as a
heating boiler. . The shell has two sections:with’ ‘two sets of firetubes. - Casses
travel through tubes 1n the lower shell section and reverse through the " upper
tubes. Fireboxes are encased in brick in most f1rebox boilers altnough some .
designs use water to surround the firebox. fy o
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Internally Fired Boilers

-~ ‘ el
Designers found that the heating surface could be increased by enclosing thel : ‘<

furnace, as well as the firetubes, inside the boiler shell. The furnace of an
internally fired boiler is almost totally surrounded by water. .
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Wetback Boilers . o . . . : .
4 ’ . . u . ' .

. ) ' } . i )
Wetback. type boilers have a rear, chamber that is swurrounded by. water. This
. wetback design is also called a scotch marine boilers. The water that surrounds: °
thé rear chamber is called a water-leg. oL S

4 . . . .. . 4 " N
. - . g / . . - oy .)ﬁ . . \

. , N
» ‘ )
. 1. R
n . ) ’ '
)

LY

Stoybolts .

o | '
N Worer .
, (R 4
¢ rt:: /&g s
¥ A
[
c L - - |
%
[ }
I g
/ p
. ’ _ \
. :
. . N d\
Packaged Firetube Boilers _
A ‘boiler unit that is purchéé JAAth thoNguxillaries and control unitq} intact
are called "packaged" boilers, = .Packaged bpilers can be purchased in two, three
. and four pass designs, ' - .
»
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Externally Fired Boilers ' - s . ' ¢ '
. . . M s
- I 4 .
In externally flred b011ers, the furnace is located outside of the boiler shell. “‘
The horizontal return—tube b011er is an¥example of, the externally fired b011er.
A brick refractory houges the fifing equipment. A
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- Information -

Shell Internals ;)f R

LI ' ) . ) . .
Most boilers have cylindrical shells to resist the internal nressure of tne
steain. The internal shell is strengthéned by the use. the diagonal stays,
through bolts or tubes designed as stays. The major intermal force is directed

more along the length of the boiler than along its girth. ;A basic component of,

the firetube boiler is the firetubes which carry the heated gases that -hcat the

water.- The firetubes .are 76 mm to 102 mm in diameter and expand at cach end
into tube plates. The tube nlates are supported by diagonal stays or braces
that attach to the boiler shell. A blow-off connection peririts cleaning and

_dpaining of the boiler. Internally fixed boilers have a firebox inside the shell

that igp surrounded by a water-lep or prick. A steam doime contains 2

stean outlet and safety valves. . A smokebox receives the jases that emerge fron

the firetudes and directs thed into the snoke stack for discharge from the

system,

Sarety Devices and Practices ( ' ' .
: : . y , _
e firetube boiler is much amore dangerous waer it exolodes. “Where a watertube

boiler exylosion .is usually limited to a ruptured tupe, the firetube boiler

cxplodes coipletely.  For safe‘,operatioﬁ of firetube boilers thg opergtor
vhould: e ' . B . »

C ‘v : . - 3 ; i
. pake Sure that the boiler conforms to ASME code in rejard to materials,
fabrication methods and installation oi fittings. '

. . . . . 4
2, Make sure that controls are regponsive to changing conditions.
3, Maintain boiler in a clean condition.

te, Make joriodic inspections of boiler parts.

5. Read aanufacturérs -instructions for, operation and safety of syecific

boiler that is bein} operated. ,

Boilers are 'fitted with safety valves to prevent explosions,.- ‘The operator must
bo . sure . that these safety devices are functioning and that the controls are
proporly'rngisterihg the -nressures within the boilers. Damaged varts should be
renlaced vefore the bpiler becomes hazardous to operate. S

: 4 .
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° Assignment

.
'

% Read pages 1-21 in supplementary reference and study diagrams.

#  Complete job -sheet. * h. : . .

v . .
¥

* Complete self-assessment and check answers, - .

# Cdmplete post-assessment and ask the instructgr to check your answers.

-

.
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“Job Sheet

\

-

INSPECT A FIRETUBE BO1LER "

* Carefully inspect a tiretube boiler at your plant site or neighboring site,
* Is it a horizontal return tube or scotch type?

# TIs it a one pass or two pass boiler? . ' . ‘

* Is it a wetback or dryback type?

* What safety featuigngQes it have? - '
. A s
-

#*  Locate
- Blow-off connections - s
' -~ Safely valves '
- Stecam outlet
.~ Smoke box - 1
- Smoke stack . : _ .
e ]
L 4
]
¢
L]
o
- . \
/




.Self A
Assessmenb

1. A boiler that carries heated gases through®its tubes is a
boiler. ‘ |

2. Boilers with an internal firebox and a refractory type rear chamber. are
called _ boilers or internal furnace boilers, )

3. A boiler that produdés sLeasn on one Lrip of gases through the firetubes is a

e bolle

S

4. PBoilers that pass gases'through 3 short set of tfibes and then reverses the
flow back through a longer set of tubes is a

boiler., // '
v

N

5. A boiler that has a brick 11nod gbar chamber is a

. : type. : “n

6. One that has a rear chamber gurrounded by a water-leg is a
type. '

7. A scotch marine boiler is a : type.

8. DBoilers that are nurchased complete with auxillaries and controls are callcd
: bOJ]vrs

9. A bviler that uses a two-section shell with short tubes in the lower section
is a - boiler '

10.  The : A connection permits the boiler to be cleaned
and drained. '
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e Self Assessment .
- Answers o

1. Firctube g
' e .

2. Scotch
3. Onc-pass .

b .
4., Twolpass

N
’ 5. Dryback

6. Wetback
7, Wetback . : .
‘ 8. Packaged . . e

- »
9. Firebox

10. Blow—off v ' \\

¢
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~ Match the following boilers and boiler part descriptions with their names.:

1. Dry rear chamber lined with brick. A. Blow-off coﬁnection
2. Boiler unit nurchased complete with B. Internally fired .
controls and auxillaries. boiler : ‘

?
13

- 3, Rear chamber surrounded by water-legt C. Wetback

‘ 4. Receives gases from firetubes and D. Packaged
- directs them to sMokestack.
. IX. Steam domie v
: 5. Allows boiler to be cleaned and )
. drained. _ h F. Dryback
. 6. Contains a steam outlet and G. Tube plate .
- safety valves. .
. - H. Smokebox
.7. Boiler with both,firetube and .
furnace encloseﬂfin shell, I. Steam boiler
8. . Boiler has a two-section shell J. Firebox boiler
that contains short tubésgin - S | .
. " one section and long tubes in *7 y

the other section.

9. FExpanded ends of a firetub®. v

10. A container in which water is
heated to produce steam.
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 Instructor ,
*Post Assessment -
Answers
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BOTLERS -- WATERTUBE TYPE ' - | o :
N LS

..The .apprentice will .be able to describe
types of watertube boilers. - ' :

Performance Indicators:

[

- Describe -straight and bent

tube type boilers.
Describe horizontal and cross

. drum boilers.

Describe vertical, box and
inclined headers.
Describe furnace bafflles and

refractory furnaces.

Describe waterwalls. |
Degscribe  stirling '
boilerd. 1
vescribe lover drum/headers.”

Nescribe drum internals.

Describe  saiety devices and ‘ v

type

aractices, )

¥




o e Tt

% Redd the goal and performance 1nd1cators to f1nd what is to be.learned from L ;ﬂ%, i
'js’packager Re o . . \ o , P
o o ' oy § . S : \ o
; :*}JRead the vocabulary list to finq nevw words that w111 be used‘ln package, . P
. . ) _ )9 ) , 0 ] - ‘? R "
R 'Reaq the 1ntroduct10n and 1nforMatlon sheets. . L
. ¥ Cqmprete'the job sheet, ,~“ ' -.41'“ 4 .o
- . 3 .|’ . ... . .
? Complete self-assessment., ~ = _ ] ST
. ,.’ . ‘ P o .o . . e .|_. .
o ‘Complete bost-assessment.. . . L, LomE
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% Blow-off connection

o~

... ¥ Box headers

% Cross baffles

* b:oss drun o

'*':Cufvéd'baffles o

% .Downcomers - .
/ L : . N

* Drums . . N

' R

) ' .*ijeedwater inlet- ! "Q  .
- "*_ Furnace baffles’ - |

#" Horizontal drum-

‘., '

i

. % Incliped headers-
. - ' /

¥ Longitudinal baffles” "
I J ' A

“#* ' Lower drums/headers
i " ' 0 '

s ) . l. ' ' ) / ; ’/ ‘ .

¥ " Packaged boilers .. .,/

/

1 T

% Refractory furnace -,

R

*  Risers IR AT

¢

# Steam inlet *.. ""iiLl

* -Stirlingfﬂypéﬂfﬁfa? Uﬁ

* 'Straight tdbe_’~x5'gﬁ“
C % Tube ﬁipro .o
R .
' R A
* Vertigal nheaders

o I C
i .* Wa t,;;rw:lll( A
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~Introduction

s 4

Watertube boilers use their system of tubing to carry water instead of gases.
The hot gases flow over the tubes and heat the water tHat is inside the tubes.
Designers have imfroved watertube boilers during the past few years until they
are very competitive with the firetube type. The need for high pressures have
given the watertube boiler an advantage. A second advantage is thd safety
factor. Watertube boilers are not as dangerous when exploding.  Normally they
rupture a watertube internally rather than blowing out the entire boiler shell.

The watertube boiler has greater flexibility and requires -less space than ﬁf
firetube boilers of the same capacity. .

4

\... ) ) . . ’ 3 \
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Watertube Boile;é

Watertdbe_boiiers can B.ﬁgivided into two types: : ‘ -
Do L8 TR -

v

1. . Straight tube ~ ,

Straight * tube b01lers are ndt,w1dely used in today's steam 4%nts. Some old .
boilers of straight tube gaign arc still in operation today but very few new.
ones are being madeé. The}“? sitube design has advantages that make it the K
popular ‘choice.’ Drums ax@“uséﬂ to gollect and separate water and steam. - Tne

' ‘ vent tubes connect to'tnexd s -

A bojler. thati; qhipped COﬂplete w1tb fuel burniny and draft equipment and
automatic’ coqtrolﬁ and accessories is a "packaged" boiler.

Packaged Watertubé Eg@Lgfé

Horlzontalzﬁrum

A horlzontal Snﬁm boller is one that has a drum that is located in a horizontal

plane and lies”in tﬁe ‘same direction as the straight tubes. The tubes and mud

drum are connettedlby a tube nipple. The drum is located overhead 'and collects

steam from the tulfes !
05

b
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Cross Drum h e

8
The cross drum is another conflguratlon for stra1ght tube boilers.  The drum
lies at right angles to the’ tubes . ‘

\ 4 ———— -

~

’
o TIAI I

Bent Tube Boilers s -~ ' -~

Bent tubes - allow more surface exposure to the heat. They can be built in
y,conf1gurat1ons that give a more desirable size and can usually be built cheaper
than a straight-tube boiler. Older boilers may have four or five drums but new
. models use only one or two drumg. Improvements in design and fluid handling
have reduced the number of drums needed in a unlt. A bent type of structure :
shows the tubes and rums arrangement '

e
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Information

) ‘
. - .
’

Inclined Headers .
N .

Headers are found at eath end of the watertubes. These headers carry the water
" back to the drum., The headers can be aligned in either a vertical or inclined
_position in relation- to the tubes and drum. TInclined headers are -usually,
associated with a cross drum arrangement of a straight tube boiler, A header is
a manifold that collects water from the tubes and carries it back to the drums.
Vertical Headers

.

Vertical headers are used on both cross drum and horizontal drum designs,  The
tubes run between vertical headers which are connected,to the.drum, B

Box jizaders o A

\

' -
Box headers are-used in some of the older stgaight tube boilers. A box at - the
bottom  of a heaﬂér forms the mud drum of the boiler. Each header connects to
the mud dru£‘w1t1 a tube nipple. 3ox headers are formed in the shape of a 'box.

Furnace Bafiles

. ' .

Baffles are used to create a Tlow of gases back and forth over the tubes while
the water makes the] needed number of passes., Baffles are made of brick, tile or
other refractory material., If placed so that gases flow at right _angles to the
tubes, they are-called cross baffles. loidgitudinal baffles cause pgases 1o flow
in parallel with the tubes. ' Qurved batfles reduce the friction\whjch cause eddy
currents, ‘
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Refractory Furnace

- A rafractory furnace is onetha{/i: lined with brick or other refractor; material.

+

Waterwalls ' . ' .
. . . a
Waterwalls ' or water legs are o6ften used to provide a heat absorbing surface
about the furnace. It serves the same purpose as brick in a refractory furnace. -
Almost 50% of the total furnace heat is absorbed by the waterwall. Waterwalls’
are also used to surround the tubes and carry steam to the top drum. As water
and steam rise from the mud drum upward to the drum, convectiop tubes serve
. either as risers or downcomers. The risersicarry steam upwardgto the . drum.
o Downcomers carry water . and steam downward® to the mud~ drum and it is
recirculated. A waterwall captures much of the furnace heat and uses it in the
formation of steam. . -

Stirling Type Boiler

The Stirling type is a two or more drum bent tube boiler. The boiler has two or
more upper drums and a mud drum. The upper drums are connected to the mud drum
by bent watertubes. The upper drums are partially filled with water. The drum .
space above the water level is used to capture steam. A steam outlet and Bafety
valves are part of the upper drum arrangement. Also a feedwater inlet is part of
the upper drum. The Stirling type boiler has a refractory type furnace or water
‘walls., The mud drum contains water’ ' '
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Lower Drums Headers
On many new models of watertube boilers, the lower drums are completely filled \\!

with water. Actually they serve as headers to direct water into the risers and
collect water from the downcomers, ¥

¢

"O" Type "A" Type

Drum Intérnals ' .

Sevs.nl devices are installed inside the steam drum of the g%iler. Among those
devices are stcam scparators, steam-washers, chenical feed *lines, boiler

feedwater lines and blow-off lines. Steam scparators.separate the water and.
stean that enters the drum tnrough the risers. Some separators use centrifugal
force to separate the water from steam. Others use plates and baffles to
separate the moisture. Primary separators are often of the cyclone type with a
corrugated scrubber for a secondary separator. Stean washers rinse the steam
between primary and sccondary separations. Washing gets rid of vaporized silica
which will foul turbine bdlades. An internal feedline distributes feecdwater
within the drum. A verforated pine that distributes chemicals to prevent scale
and, corrosion is part of the drum internals, Blow=0Off lines are of two Lypes.
A tontinuous blow-ofi line is located ‘well belgw the water line and  draws of f
sludpoe. A surface blow-off line s used to gxtract impurities at the water

‘l’ surface.
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.SafeLy Devices and Practices

°

A boiler excplosion creates danger fromflying parts from the steam force. When
the drum ruptures,, some of its water is converted to steam. The volume of
water . in thé drum determines the force of the explosion--not pressure of the

boiler,  The watertube boiler is much safer than the firetube boiler in regard
to exnlosions,

* *
Safety valves prevent the boiler from exceeding pressures for which it was
designed.  Code requires that each boiler have at least one safety valve and

more if the heating surface exceeds 47 square meters,

Pressure reliet valves are another tyne of safety device,
sressures exceed a preset level. '

\ ,
‘ach superheater is required to have at least one safety valvd,

—he operator can maintain a safe aperation by:

I.  Assuring that the boiler design conforms to ASME code for gonstruction,
2, tollowing specific safety instructions of the boiler manufacturer.

3. Assuring  that safety cquipment and controls are responsive to
conditjons,

changing

3

. 10

It is triggered when
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" Read pages 1 - 27 in supplementary reference, Pay 'qlose attention

illustrations.

Complete job sheet.

/

Complete self-assessment and check answers,
1

Complete post-assessment. and have instructor check answers.,

K

&

to
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INSPECT A WATERTUBE BOILZR ' '
* Locate and secure permission to inspect a watertube boiler. ..... »

% Examine the boiler and its components.

- What is the drum arrangement?

- 1Is it straight or bent tube type?

- Does it have headers? What type?

-~ Does it have waterwalls? . :

- Is the furnace lined with refractory material?

- Can you locate the feedwater inlet? "

- Can you locate the stears outlet?

- Can you locate the blow-off connection for boiler cleaning?

w

#* \brite a short description of the boiler: Manufacturer, type, descriptive

. features., : ;

-

#  Check description with instryctor to make gure that your observations were on
target, _ e ' 4

i L |

e
o
i
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Self N
Asseﬁment
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+

1. Water and steam are collected and separated in the L .
Z. A boiler that comes complete with.automatic controls, fuel burning .and
draft equipment is called a , . boiler. '
3. A boiler that has a drun lying at right angles to the watertubes is called
' a type )
b, A ‘ "~ boiler allows
the watertubes. more surface exposure to the heated gasses. ' ’
5. A is a manifold that collects water from_ the
tubes and carries it back tq the drum. . o I
ey | . o ‘
6. l . are used to Hivertﬂthe.flow of gases back toward
the watertubes. . . : o
.n-.""'\".-\. o s
' . .o et N '. .
. 7. A . . ' uses water to absorb the heat of . the
furnaces S '
8. v tubes carry steam upward to the drum.
-9, - tubes carrywater and steam,dqwnward to the -mud
drum. L . . -
. oo w, . . .
AN ' ’
10. The Stirling type boiler has a ' - type furnace.
'-.l\:\ , e ."4 . ) . -~ o
*» ") ;
? -
‘}‘ " .
. ' A '
I .\
g7
’ ’ v
-,
. S NS
o ,
» . K
. o 17
N o
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‘° Self ‘Assessment
Answers

1.  Drum

2. Packaged '
3. Croés'drum

4, Bent;tubg ,
- 5. Header 5 | '

6. Baffles

7. Waterwall | o
8, - Risers

. 9. Downcomers

10. Refractory
f
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Matcn the following terms and‘phrages

1. Header I L A,

”, “ .
_ ‘ L. B.
2. Waterwall :
C.
3. Cross drum - D.
'@
4. Bent tube
. F.
_ < o
y 5. Drum | ‘.' ' "G,
H.
\ 6. Stirling type '
' , I.
- *
7. . Riser - J.
8. Downcomer
o 9. Blow—qff connection
10. Steam outlet
- .‘\‘\
. ' l r

Collects and separates water and
stean, ' o

: . i
Lies at right angle to wateﬁtubes.

Allows more surface exposure of tubes
to heat. . -

Acts as a manifold that collects

water from tubes and returns it to-
drums. . :
‘ ' . ¢
A waterfilled tube or column that
surrounds the furnace ares. -
113
Fitting in mud drum.- ’

Fitting in upner drum,

Carries water and steam downward.

A four drum bentftube boiler with
three upper drums and a. mud drum.
Carries steam upward.
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. Supplementary"
References

A '

*° Correspondence Course, Lecture 2, Section 2, Second Class. 'Steam Generators.
Southern Alberta Institute of Technology Calgary, Alberta, Canada.
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, . BOILERS -- CONSTRUCTTION ’

A . ! ) o ] .

- Goal:._ . - Performance Indicators:

w‘\. A .-
5 A,
The apprent e yill be able to describe 1. Describe mnaterials wused in ¥
boiler constrbetion. , boiler construction. -
B N

2. Describe precesses used. s in.
boiler canstruction. '
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* Read the 36a1 aﬁd_perfofmance indicatérs to find what is to be learned from ’
_package. S _ ' S
*  Read the voéabulary 1i$t to find new words that will be used in package. - o
. *; Read the introdUctiongandlinfOrmation sheets. g ’
% Complete the job sheet. ' | Lo | .

* Complete self-assessment.

. % Complete ‘pogt-assessment .-

. . .
. . )
T
Voo \
' |
7
2 3
I3
1
-~
.
*
N ¢
R
’ . -
Al
| -
y
|
LI 13
] )
D
- , L)
\,
™
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“Vocabulary

| f y b—1
oK Capped._
% Carbon steel ' : SR : .

* Casings

* Extrusion process *
*  Ductwork | S . '
A <
* Fin tubes
* Flat stud tube | . .
* High alloy steel
‘ * Hydrastatic testing
% Killed - | . ’
¥ Low alloy steel )
*  Mandrel
y €
. ’ -. . . . &
* Piercing and rolling
* Rimmed .
#* Sectionally supported settings - - . ,

* Semi-killed ' .
*  Solid wall seftings

* Stays and braces

- * Tangent tube .
*  Tube and brick

* Watercooled settings

‘I’*? Welded tube
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Modern boilers are expected to OOLTate at high pressures with a life expectancy- : ¥
of 20 years.. Good materials must be used in construction of the stean plant and
the fabrication methods must be of high quality.

/ Since most parts will be subjected to high pressure, “ferrous materials are
rather standard in 0011er constructlon : '

This package w111 discuss the materlals used and fabrication ‘methods for b011er
constructlon.
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Steel is the most common metal used in the manufacture of boilers. Many grades

and types of steel are available:

-~ Carbon steel (.2 to .3% carbon)
- Low alloy steel (up to 5% alloy)
- High alloy steel (over 10% alloy)

Types of Steel

Steel is often classified according to its manufacturing process and the amounts

of carbon monoxide produced as the steel solidified.

These classes are:

Rimmed—has a rim of pur? iron and a core of carbon steel.

-1, .
2, Capped—has a thinner rim and less carbon in\the core than rimmed. a
3. Semi-killed—>has silicon and aluminum addey td. prevent excess gas
“« bubbles. : )
R 4, Killed--has all oxygen removed by adding oxygen and aluminum as
deoxydizing agent. Process used in making both carbon steel and alloy
' steel. ' : '
Materials for Boiler Construction
The following chart shows the materials.used in boiler construction. ¢ |

- Boiler Parts

Type of Material

[ ad

Drum and Shell

v
Carbon steel or low alloy steel.
Rolled while hot and welded seams.:
May also be extruded.

T Ed

’ Tubes

Carbon steel of‘plloy steel,

Pipe fittings, valves, water
columns for pressures under
2400 kPa and temperatures
less than 232 C.

-~ Up to 1700 kPa*

o

L4

Malleable iron and cast nodular
iron.

Cast iron

e - L]

pounds per square inch,

- . ' L]

% kPa (kilo Pascal) is a metric measure of pressure equal to 6.895 psi or

]

o
O
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- Information

4‘ N . '

Boiler Parts y- Type of Material
Blow-of f conpections and other Carbon steel or alloy steel.
connections that fit directly C .

, “

into the boiler.

Processes of Boiler Construction

J

Foundations

Foundakions must be constructed to eliminate movement from settling or other
shifting. The foundation size denends uvon the weight of the boiler to be
supported.  Boiler manufacturers will supply the specifications for each boiler
sold. Large boilers require overhead support from structural steel hangers.
Small boilers may be grouted into the cement floor of the power plant,.”

. it
Q 1S

A sctting is a wall that encloses the furnace and pressure parts of a boiler.
Usually a setting is made with firebrick or plastic fireclay. Solid wall
settings are independent of the boiler. Sectionally supported settings

are anchored and supported in secctions by external steelwork. Watercooled
sctlings are used in internally fired firetube boilers and water tube boilers.
A tube and brick setting offers both refractory and water cooled furnace walls.,
A common type of tube and brick wall is constructed with fin tubes. Metal

tin bars are we¥ed to tubes to give a continuous wall surface and bricks are
laid against the fin tubes, '
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Other types of w;}} settings include:

- Tangent tube .
- Flat stud tube ‘ ’ ’

Batf les ' CL .

Brick or otner refractory material is used to construct baffles, Individual
bricks are fitted around the tubes in a way that ‘tne flow of gases is directed
to the tubes. Gases must be redirected so that a continuous pattern of heat is
directed to the tubes. Some baffles are manufactured as one piece. Others are
forméd as ourves to reduce friction.

Casings

Air tight casings are used to protect wall insulation and to feep air away from
. the furnace. Casings are made of welded steel. Often a layer of insulation is
placed between the casings and wall tubes.

Tubes ' |
Tubes are formed by the extrusion process or by piercing and rolling. The

extrusion process squeezes hot steel through a die that has a mandrel to punch
out the opening in tae tube.

} Y
Billet "
Mandre!

Die Aam
‘ ﬂ// §§§§§§§ —
atel fnadnotuind "Ezz: Rt || e [ el It tatot
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—Information |

In picrcing and rolling, hot carbon or alloy steel bar is forced through a o
piercing point with rollers. The bar is then reheated ‘and rodled to reduce its

wall thickness. Then it is burnished and rolled to finished size. Welded tubes

arc made from flat strips of steel by rolling and then butt welding the seans.

Tube Installation

The ubes are joined to drums and headers by expanding or welding to tube stubs.
An expander tool presses the tube wall into the tube hole and expands it. In
welded dinstallations, the tube is connected to the tube stub of the drum and .

welded in place. Alignment jigs are used to align the parts for welding..

' 3 Lo /—\Q OGE SAR
(TEMPORARY)

ru Lo

[TEMPORARY)

Stays and Braces ‘ ,

. )
"iratube boilers require stays and braces to hold their shape under pressure.
All flat surfaces must be braced. | -Tube sheets must be stayed to tae sholL. In
" 1rirebox type boilers,-the water-legs imust be supported by stays. '

| _ ilydrastatic Testing . .
. , ,
Maautacturers tost boilers by filbting them with water and applying 1.5 times - tho,
pressure  Lor uhich they were designed. - Leakage from weldg allow e tester to
. spot deiects in the weld or other netal parks, '
. o ' '-’ .
- #
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Ductwork | ' L A .
Metal ducts are required to move combustion air and gases to and from. the
furnace. The common ducts required are:
: _ L *
. - Main air duct from fan to heater to burner. ¢ ' i
~ Main gas duct from the e¢onomizer outlet to heater to fan to stack.
- Air circulating duct from heater outlet to fan inlet,
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* Read pages 1 - 29 of supplementary reference, '
. m .
*  Complete job sheet.

* Complete self-assessment and check answers.

#*  Complete postéassessment and have instructow check answers,
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INSPECT CONSTRUCTION OF A BOILER ' . \‘
* Obtain permission tg inspect a boiler. - ! '
¥ (@Ebserve materials used in constructi of ' =ﬂ;
- Shell or drunm . | - . o
- Casing : ) : T
- Blow-off valves ' ) N
- Other valves and fittings i L \ _ B
- Tubes S
- Wall setting ) . .
- Ductwork ' ' 5 '
L) . . ’ "\ !
' *  (Observe construction features ! _ , o 3_‘ 3;
) . - Which parts are riveted or bolted? . " N ;
- Which- parts are welded? o ,
v . . . S "-;
" * fhsk questions needed to understand the materials used in boiler constructioh ey
' and nrocesses for construction. : B . 'igfé
. : | L
<
. ¢
!
. ®
Pl : '
Q [~ p g
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L. Low alloy steel has . . _ percent or less of alloy.
' S P o o '

i
.

2.1' SRR steel hés”]allz of the oxygen removed by adding

deokidizing agent. . - R _ ' ove
| e “ o ) L : .

s R P
1 .

: : 3.” Drums ‘are made from.. "~ - steel and low alloy steel. '
SR T U , ' ' X

Ll - wall settings are independent of the boiler.

I .
.- [ )
o

o

59fVP setting -is a wall that encloses the and pressure

erts of’ a, boiler. ’

" 6. Metal bars welded to tubes" for construction of & setting are called
. . \ . ] ! |

o
—

47.,.A‘settiﬁg,ﬁhat'uses'both brick and tubes is called a - and

A / ! .
© 8, © . ., or.other refractory material is used to construct
bafflcs. .. . ., - -
TR I »
T ] ‘ o T T N . .
,T 9, Cas%ngs are rade’ of L . steel. .
’ "/;. ‘l ’/ oo .v»"‘"""',-v, . R 4 o . ’
00 A " tool is used’ to press tubes into the tube holes oi" a
' drum and 1ock Lhem in place. : : oo . :
Y . \ - Lo "

v
. Y
AV
»
v ? . oo ”
A e
- i ; L
. “ . v , f k
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o Self Assessment
-~ 'Answers

Lo 5%
2. Killed

3. Carbon ’ . - /

=1

Solid : . : | v
5. Furngge | - . | | ’4' :
6. Fin gube | |

7, ?ube and brick : - o | 'f
8.. Brick o | | | | «\'
9, Welded |

10. Expander -
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"Match the f0110wing'terms with. their descriptive phrase. | |
1 Hydrastatic testing - A, Used to align tubes for welding. !
: ' l ' . : . ! : . o/
... 2. Stays and braces . B. Made of carbon steel or alloy steel. /
- R . o :
| 3 Ductwork - L C. Pressure applied at 1.5 tines
- S 2 v designed levels. ’ ;
4 Alignment Jigs B g D. Has less than .2 to .3 percent
L ' carbon. :
' 5 . Baffles . . E. Helps,firetube boilers holq their
' S o i ' shape under pressure. . ;
. 6 Foundatffon " ! | _" ' .F. Required to move combustion air and
. ) // - S - ' | gases to and from furnacg
a7 Settihg : T o 3 o "G. Squeezes hot steel thro gh die to
3 o ~ make tube. ’
8 Tubes ..l-  %5:2,;;”‘ ' M. Constructed from a refractory
a o : o ' material, "
. 9ﬁ Carbon stéel' o I. Wall that éhclosesogérnacé and
' _ pressure parts, ;o
.10 Extrusibn brocgssu- J. Must be frec of s étling and ,\
: L ' - shifting. /?. _ , cony
¢ 0 "/ ' ’ |
Y
v {
o .
@
-
f
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" Instructor
Post Assessment
Answers

F 3.

A 4, . _
. A\
H 5 ; ,
. J 5. )
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~-* Correspondence Course. Lecture 2;"Section'2, First Class. Steam Generation.

Southern Alberta Institute of Technology.ﬁ_Calgary, Alberta, Canada. o
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BOILERS — FITTINGS

Goal: - — Performance indicators:

The apprentice will be able to describe 1. Describe safety valves.
boiler fittings. t 2, Describe water columns and
) gage glasses,
. 3., Describe pressure gages.

4, Describe feedwater connections.
5. Describe blow-off valveb and

A n . connections. iy
= j 6. Describe slop and check
I valves.

7. Describe drum internals. .
-~ 8. Describe soot blowers.
9. Describe fusible plugs.
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v

* Read the goal and performance indicators to find what is to be learned from.
' package. ’

* Read the vocabulary list to find new words that will be used in package. ¢

'

* Read the introduction and information sheets. -

*  Complete the job sheet.
*  Complete self—éssessment.

..’ ,*l - . -_/ ' . 1

..Complete post-assessment.
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~ Vocabulary

Angle type valve - i

Bellows gduge _ :

Bi-color gauge glasses ' .
Bottom blow-off .
Bourdon, spring gauge

Combinatiom blow-off valve

Continuous blow-off ' .
Fireside fusible plug : ' N : . o
Flat gauge glasses B :
Gauge glasses ' .
Gate typeé valve

Globe type valve

Helix Bourdon,gauge

High pressure gauge glass .
Huddling chamber type valves, ' ' Vs
~Jet flow type valves ' R
Long retractable nozzle soot blower

Main dial gauge

Metallic diaphragm gauge

Non-return stop valve

Nozzle reaction type valve

Outside screw-and-yoke type valve

Pointer mechanisn '

Power operated relief valves

Pressure gauge siphons

Pressuré gauges

Remote gauge glass indicators

Safety valves,

Seat and disc blow-off valves

Seatless sliding plunger and blow- oif valve
Single nozzle retractalfle soot blower
Sliding.disc blow-off valve

Solenoid )

Spiral Bourdon gauge _ ‘
Surface blow-off Y
Torsion bar safety valve - )
Tubular gauge glasses - .
* Water column @
#  Waterside ftusible plug

* %k % R %k % % X% % ¥ ¥ ¥ ¥ X

—

~

X %k % k %k k k kR k k k x K kK %k ¥ Kk k ¥ %X ¥ X
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Introduction " \|

- . . —

V ~

‘ .
Boiler fittings arc those items that are directly attached to the boiler. The
fittings are necessary for safe and efficient operation of the boiler,.

The apprentices should be concerned with this unit of instruction. Future safety
may depend on the ability to identify each fitting, &ts function and how it -

‘operates, Steam plant operators must know about fittings and gain’ experlence in
their operation. :

B
Beyond the safety éspects, fittind@'are,part of efficienc

The goal of all
good operators is to run safe and efficient plants. '

-




! - - NIV L IVINAL LLAINTENG O T LIV

.' & oy,

nformation

| . | “ ll i
| I

Safeﬂg Valves

Sdlety valves prevent excess pressures in the boilar. When the pressure exceeds
safe  levels, the safety valve will trip.  There are several types of safetg
valves., Some are held shut by steecl springs or torsion bars and open by steam
when the pressure exceeds the setting of the valve. The valve may be opened by

nozzle reaction, jet flow or huddling chamber.
\ .

Nozzle Reactiony Valve . L

When the Jalve[;pens. a baffle and disc are raised upward by the steam. . This
closes off the baffle ports and reverses the.direction of the stean. Bressure
drops allow the baffle to move downward and steam can flow through the baffle

ports. .
. Ldting diek .
o A .,
. . Compression screw H ‘
‘.k-
'
' .
!
Guide
> Ditk holder
) Control Ring %
Diak
Wern ring pin Werniring
¢ Jet-Flow Safety Valves Nouste
i » ! } .
Stear flows from this valve and strikes-the piston, The jet stream is deflected "
aownward to the nozzle ring. This gives nore thrust and the valve opens
[

further. g
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Information

fluddling Chamber Safety Valves , . o * S

The valve is opened by pressure upon\the disc. As it opens the hufidling chamber
iills with steam And causes a further lift to the disc.

-

1 . . O *‘
v : o Floating Washer
. Spindle Overtap
-~ [
. Steam Chamber
, N [
> . .’ Bleed Holes
]
. ' Huddi"ﬁ a‘.mb“
. R

Power Operdted Relicf Valves

Reldef valves ~can be operated by steam, hydraulics, electricity or remote
control, An clement is connected with the pressure vessel or header. When
pressures  exceed the limit, this element activates a soleroid.which opens -the
pilot valve. The excess pressure is relieved from the boiler.

Torsion Bar Safety Valve .

. . . . -
On high pressure dry steam such as superheaters or reheaters, torsion bars are
used instead of coil swnrings., Torsion bars are preferred in extreme conditions
of high pressure and high tempgrature, A

Water Colunns And Gauze Glasses

Gauge plasses are used to read the water levels in a boiler. A water column
nakes  the ylass gauge casier to read.  .The water column allows low and high
Iovgl glnrms to hq installed, GAuge cocks are also installed. on water columns,
Tybular gauge plasses are used with pressures up to 2800 kPa.  Higher pressures
require a flat glass gange. . b

B ]
« \ .
- ! .

Bi-Golor Gauge Glass -

One - tyne  of  gauge  glass uses colored glass (sreen and red to make casior
N (’\ (8} vy ’5 (&3 N

L4

°
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~ Information-

reading - of the gauge. A~1ight is directed through the colored glass Strips. ,,
Green light will only shine through when water is in the gauge. Red light
shines through when water is absent. & '

~

tligh ¥ressure Gauge Glass - .
. hd . rq
. : L 3
0 High vpressure gauge glasses are usually built. with ports rather than flat -
nlass. Individual vport assenblies consist of a flat glass, gaskets, washers,
and a cover and screws. ' :

Remote Gauge Glass Indicators : -

.

On 1afge boilers it nmay ve difficult to read the gauge glass from floor level,
A system of mirrors can be used to transmit the  indicator to floor - leyel.

, Another method of remote indication is achieved by use of a diaphragm. One side .
\ of the diaphragn is connected to the water side and the other to the steam side ;
\ of the boiler. The varying levels of water cause the diaphragm to move. Red and
\ blue light indicatoaf show the water levels. . o '

4 : »
° : |

. . ' [Y
Pressure Gauzes A
\ .

-y
H

Fach voiler hasra pressure gayge that shows the pressure within the boiler. The
a2aupe  shows  a range of 1 1/2 times (or more) the allowable working pressure.
Pressure pauges are classified into three bésic typés. ‘

{ . . A ¥
) 1.'330urdoh $pring gauze '
fe 0 "
. 2. .Bellows gauge
]
‘ 3. TMetallic diaphrazm gauge ‘
) o b
2 ! ' . ) ' - ’
{  Bourdon Spring Gauge _ .

Tae Bourdon spring .is a C-shaped tube that is closed at oae end and attachad’ to

\ Cy A pointer wechanisa. *When pressure is exerted in the pgtube, 'thc Jourdon s)riny
 tends  to straighten out. This process gperates the pointer that shous the
J\pressure  on o the dial. Variations of the Bourdon spring pauge’ are the:

. - n ) »
bapiral Bourdon tube and the Helix 3 n_tube. The C-type Bourdon spring gauge -
\ L5 used Lo neasure boiler pressure @ the main dial gauge. “The Helix and spiral.

. tpbe pauges ore used for recoiling indicators, t soiral Bourdon tube jauge - is
V v : : . )
‘l’ :h&nnnzn;an\(nurjplv o1 the Bourdon principle.. :

Y D ow - , ' . . . .
§ . | . o ,
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~ Bellows Gaujre \ RN . e A
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The bellows gauge uses a bellowd of elestic metal.  VWhen presgure is applied to. . ' S
T the bellows, a push-rod noves the ‘dial indicator according to the level. ofr . ..

pressure. - The vellows 1s used in pnetmatic controls . and. daraft measurepent , .
indicators. ‘A bellows type gauge is shown below. ., 9 L : oW
. . ) . : - - L v : SN
‘ - o C st
Py Over-ronge ‘ : - S
- . . . 'ube ) ,. N '-. . -
\ ] ’ o . '= ! . * .- R
v L]
\ 'c‘ ' ) s -
L , !
! @ . . . L . “g
% o
‘ tDellows S, .
o . o | TR ’ ' , - o
. . Yo - N ‘
‘, \ - - K ‘ "‘
.A.,'I- - g , , " 4 ‘~l ‘ . s .‘
e : N o . ;
: ) L M ‘ . RN s ’ '
s : ' Tension, LY T %
" ' ‘..collbroz‘nq oy

‘Metallic Diaphrazm Gauge . leeo

T KPrin
adjustment ) w lv(‘

L e _ s . .
This type of  pressire jauge operates Wth-metallic capgule? “The " netallic . .
capsules are connect®™ together.,  When pressyre is exertogy
the capsules expand and move the linkage that woperates th
.‘ is also used in low gressure applications. = -7 7
] o . :
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Pressure

, s ! , ?
b tr , \ 8 ! .
oot . . ) P
D . .
. ' - Pressure fapuge Siphons | \ R
1 . T e . ’ : ’ ’ : .
) . be - . ) vo
Steam pressure reasurement mMuSt prevent the hot stean from enteridg the. - ° -
. ¢lgments. If - steam is allowe enter the elements, the  result will ¢t
o inaccurate indications of pressure, & A sipndh‘is used to trap condensed ster .
©and maintain a seal oetween the element aqd the hot steanm.:
. . . . " . y .-
o P ,
“ - . A R o o
(‘ . ‘ i “ N RN ‘ ‘: . '
» (.‘ " . ‘n .
| e, . ’ fBoLler'Stop Valves - !
i ‘\' 4 T y . o o
. A stop valve_ is used at stean outletf in a boiler.  The valve should ‘he | an -ﬁf
LA v outside’ scrow-and~joke type. Usually® the ouside screw-and-yoke valve "iq ﬂsot
e/ T onpxto to' a nn-retura valve. - The two valves should be located c1050 t the - v
w40 boiler with the non-return valve beang closest to the boiler. - bton va]v0s«1are N A
AR ol lho following types. , _ ' S

b, Gate W xpd
207 Angle t
}

(Tf;m y,

.
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All of these valves are: of the out&ide screw~aﬁd~yoke Lype.-;‘Oﬁg type of ‘screw- e
: dnd—yoke valve (Gate type) 15,3hown > i AT WD e S
R ‘ . , : o 3 o h . 4 c S R
* v K . C, e ‘
o L e CL ; : ’ K] e h" - ‘, P " B ¢ Y
; ’ ' K . e . & 4 o ®
. :a © " . ¢ ’l' “w
L \'. ; ' . '((‘ . i “ IO 2 d b
i L . o : " , S Lo . n..’."-: o
i’ » 'w_ . P\ ' / w-'\
- v ) v e ’ , ’ ot e - '3
: ' - . . . .'; - '/(' Py ‘m" '
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ST S < " o -
e . o - * ¥ p e :
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o . . . ) o ;' “y l‘ W
! oy . . o ,."
-Non—ReLurn Stgp Valves-~ . ’ - . 2 bl
" . . , L . . . * - ‘. A ;‘. . ? ;
lhis stgp—and cﬁeck valve orevents a reverqe tlow of Stcam bacm into the boiler., \, .
Normally ™ this* valve is used when "several b011ers“afe punplﬂg into a.one  commone 4. v
‘main. It Tis operated. with a ‘piston “and dlqc to opehs gnd close the, valve. It - v
opens when inlet pressurg is. greater than- gulet pressure’. '1he valve close when . '
inlet pressure is greater than outlet pressure._ 89wera1 types of non~return _
valves are used. o T g “ - / : S
. v . B e v & . s b_'./‘ ,‘ R I s 4- E A P “/ . Lo o
s Uy - R /o . o ’ .\ -'o"' .l\ © ’ ‘ . .
1. Globe non—return valve 7 o e Lo )f( A S
. o . Vg o i . s
2, Y-type non-return valve '~ . . /0 T o b A _ LA o
3. Angle type non-return valve "~  ° L e e _ Q_J_Qﬁ.'ﬁf d
v ,‘ . o . . . S .'.,:'.“ o ' B . A Y 4 : . .

ALl or these valves are operated with a pistom and. dise arrangewdnt. o & . v e

LR A v 7ot Provided by ERIC
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. _ Blow-off ConnectiOns- A
" ‘Blow- of; conneLLlons are used for the follow1no purposes. " o
I ’ T v wr Y,

»

1, Rcmoval of sludge from boiler. L ' ’ ' S :
- . 2. Inject acid cleaning solutions into poiler..
- 3. Lower excesg water level in the boilér.

-

# " Types of Blow-off e Ny *
- Three major types of blow-bff,codhections.are found oh “boilers.
. ) B
L. Botgom blow-off are” at ‘the bottom or ‘the boiler-and used to rempve ‘
slutige from the boiler. On firetube boilers, the blow-off connection is
- ‘to;the rear of the boiler. . Watertube boilers may have several blow—off :
. connectlons to clean sludge out of the nud drums and headers.
2, Contlnuous blow-off connections are located below the water surface.
Their purpose is to remove water that is heavy with dirt-or—studge: - "A~ ‘"“""'7'-i"
: i collectlng pipe is located in thq{heaVy water concentrate, A regulatlng .
malve controls the amounts of water removed by the continuous = blow-off.
Most continuous blow-off is part of a heat recovery system that salvagqs
fhvat from the blow-off. - N
. _— 3. ¢ Surface blow-of f connections are used to skim off surface sediment from :
e - ! theg boiler " water., The blow-off line is located at =~ water level, A .
e v+ ’skimming ‘-pan ‘moves up- and down with variations in the water level, It -
; r": scoops oi} sed;ment at.the water syrface. , .
: Blow Qf{ Valvc Iypea" ' _ ' .
i - . o (A ' . Y
. ,f?iFOur Lygeg’pt_blow-off valves are ugeds ~ - | oL "
.."ﬂ‘.;_’-.' . 'r‘i ‘-i":' ”_:'-"“-‘,'.' ' ) . . L ."".;l' " o e ’ t ,
oo Ly Sliding dise RN : S ' ' S
S ) et e aw . o et o ;% o
L we o2, Seatkass slidin® plunger type oo
B RS Meal and {ise type . ’
L A Coubdpatdons AN I
T
Lot (TR - oo
o - o ‘ o - ' . ,“
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' .:;Gombinations.pfgtwo types may be housed in one unit., The inlet valve may’ be of
S one type and the discharge valve of another type. N S
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ﬂlow—off Connections xiffpﬁ

. Requi,rements for blow-aoff connectiOns are summarized below. : ;
¢ i ST A ! '
' ‘1, _Flangea shall not be of bronze, brass, flanged,or screwed fitting types
g . 7 for usein. blow-off- lines. :
: 2."Non—ferrous pipe or tubes shall not be used for blow-off piping.
3. All fittings between boiler and blow-off valves shall be of steel. for
Lt pressures over 900 kPa.
. 4,;'Blow—off valves may:. be of cast iron if pressures do jnot "exceed 1400 kPa.
o © oL U Fort pressures ‘in excess of 1400 kPa, steel must be' used for valves.
N 5. Minimum 'size for ~blow-off pipe is 25mm and the maximum is 64mm for
i boilers: with over 64 square meters of heating surface. For those - with .
5 ‘less than 64.square’, meters, the minimum size is 16 mm, -
.. There' are many other requirements that are part of boiler aafety codes. These
requirements should be studied in relation to specific “boilers that the
" appréntice is working with at the time. -
,_ B U S ;*f‘ g EEUE .
SR e C;q .fi ) Drum Internals ; o
s, 0% Several types of fittings ‘are - attached inside tjie steam drum, These fittings
f"' '“" are- devices 4for-8eparating and washing steam; handling feedwater; handling
: : chemicals -and “blow-pff" lineg, These devices are given specific treatment in
L dnother package. The internals of a steam drum contain the following ¢
. l;‘ Steam separator AL ) . \

S A Combustion Lnglneer1ng type
B Babtgck and Wllch type

[}
-
RETI
b .
K B ;
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: §
1
v ¥
B
)
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. .
2, Stcan washer
— 3. Feedwater lines
4, Chemical lines . .
5. Blow-ofif lines
The arradgement,of these fittings withfh a drum are shqwn below, ;
'- ' . ) -
INTEGRALCHEVRON
| i r ORIER _ . R
! T ¥7 '
L] — JI:?}
:“'!f:l
TR
1
* = ¥
Pt HORIZONTAL SEPARATOR — O : - 4 :
INTERMEDIATE ENCLOSURE
o ot |
I NORMAL WATER LEVEL fi“"‘l
° AMAL :
CONTINUOUS
. BLOW-0owN  SEPARATOR DRAIN ]
. © CMEMICAL FEED Z_/ ~
GIRTH BAFRE }) )
' . reeo- A
) W PIPL
~ [ ]
RISER ' : RISER *

TUBES TUBES

Soot Blowers:

’ 7 . ERS . .
Soot blovers are used to remove ash from the furnace walls, An accumulation of ~
ash and slag cuts down the efficiency of steam generation. The type of fuel

) Jused in comnbination determines howfmuch soot removal "equipment is needed,
Natural gas burns clean and does not require soot blowers. Fuel o0il burners
do sot require soot blowers: On those units that are fired with "~coal, soot
blowers become very important. Soot blowers are of two types:

1. Single nozzle retractable type - .
2. Long retractable double nozzle type _ .

In the single nozzle type, one motor Jperates the retractable nozzle. The
nozzle extends and retracts, Another motor rotates the nozzle a full 360

_ Steam, air or water is directed against the sides to dislodge the ash and slag
ﬁyi”‘ from the heating surfaces. <A single nozzle retractable’ nlower is pictured.
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‘ A long retractable nozzle blower is used to clean soot from ;lrigh temperature
A long retractable model is shown.

Q

ERIC

Aruitoxt provided by Eic:

Single Nozzle Retractable Wall Blower

areas such as superheaters,

1

L}

Feedwater conndctions include valves,

'R . o

» e

Feedwater Connections.

-

»

b

fittings and piping for moving feedvater

to the boiler. All ‘boilers must have one or more neans of feeding water into the

system,

reedvater Valves

EJ .

Feodwater  lines must

.

b ritted with ston valves between the check valve and the
boiler.  When nare thgn one boitey is supplicd by a comon feedwater source, a
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Regulating valvg must be installed on branch lines to the individual boilers.,

"Piping must meet the requirements of the working pressure of the boiler.- The
pipe thickness is computed by the fallowlnn formula: ‘

. , ) ) v . \ ) , . 4‘..
Feedwater Piping | : | S

m

. t = ) + C o '
R 2 SE + 2yP . :
~vhere: t = tnickness of pine < - ]
P = paximum allowable working pressyre ' '
. S = maximum allowable stress valve at opgrating Leﬂperature
(from table) » .
E = efficiency of longitudinal weldéd joj>h§ (From code) .

C = minimum allowance for threading ano‘structurad stability
in m.m. (From code) 3
a temperature coeificient (From code) '

A list of code tables are needed to compute thicknesses needed fof feedvater
piping on specific.boilers. : '

<
i

n‘.

* Fusible Plugs ' - ‘
‘Fusible  plugs give warning or low water levels in the bvoiYer. It is a brass

plug with a tin-filled tajered hole drilled throuszh it. It is installed at the
lowvest permissable water level ip the .boiler.  When water levels ¢roo below the
plug, the tin will nelt and steam will blow out the plug, The operator is
warned so that the boiler can be shut ddwn before damage oeeurs. Plugs are

¢lassiiied as: . : » :

4, Pireside plugs which are tapped into holes from the fire side.
2. Waterside plugsvhich are tapped from the water side of the boiler.

-
v ! e
. 3 ‘

~
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“Assignment | \J|

N o

Q

Read and study illustrations in supplenentary referenébs. . Read as much of

the reierences as time will allgw. L : ' .
- . '
-t
Complete tne job sheet.
Complete the self-assessment and check answers:
4

'Complete the post-assessment and ask the inﬁtrdctor to check your answers,

. .

3#*
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*Job Sheet

- . v . .
. ' M 4
T e ——— . '

ANALYZE 111 FITTINGS ON A BOLLER

* Observe a boiler and closely inspect for the following items. Identify types
of each iten, ’

- Saftety valves v o
- Water columns and gauge glasses .
-~ Pressure gauges ' i
- Feedwater connections .

- Blow-off connections Q& :
- Stop and check valves . ' ‘ :

- Prun internals (if possible) : . ) |-
- Soot blowers (if 'possible) S, Y
-~ lusible plugs (if possible) '

. #  For those iteas that cannot be readily identified, consult a nanufactures
diagraa or ask the operator to help, '
. ! _ .
* Learn the identity or every gauge,. valve and fitting that is attached"to the
noiler and its purpose.

.
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Assessment -

4

~Indicate what type of fitting is listed below by 1nscrt1nb the proper letter in
Lho blank beside the number.

__ 1. Single nozzle retractable, Lype Safety valve .
2. Globe type . . Water column or gauge glass .
: _ _
. . ‘ ‘} > ) ©
__ 3. Seatless sliding plunger type valve C.\, Pressure gauge
. \

. 4. Bourdon spring gauge Q. \Fccdwater connection or valve.

w o ;
* 5. Screw and yoke type gauge . g\ow—off connection or valve.
0. Nozzle reaction tyve F. Stop or check valve-
. 7. Steam washer ' , G. Drum {n®ernal
A
8. VFlat glass gauge : ) M. Soot blower
-

9. Fireside type | . 1. Fusible plug '

' , . . @ .

10, Regulating valve J. Non-return stop valve

- - ] : .
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INSTRUCTIONAL LEARNING SYSTEMS .

JPOSt,
Assessment

.o ]

A

i : : -

—

\ ) ' v \n." "
" ) * : . ’. : ‘ ' .'~ ¢ s |
IRUE or FALSE - b T et .
. ro A * : ; .t
. . . " . - Iy
Y T - .
+ . 3 ' . N
p 1. A power operated ralief valve 1s a mype o; barety valve ,
L
b S v )
y 2. . Lauge glasses are uged to determlne the color of bollcr water . B 'é,
|_‘ e . . . « - I" -
" . ' ' . . . -
5, 3. Tubular gauge glasaes are n eded on bdilers with operatxng pressures above
: 2800 kPa. 0. . o . . :_>. - N “ o
! . .'- e ‘ ' : . . 1 cn
! ' R
4, PerSUFG gauges - pust show.a rgnge “of 1 1/2 times the allowable  working
pressure Lo mcet code. N S , ‘ :
. ) . ~ .
o 5.7 h'bellows gauge is'ﬁ type of pressurégguge.-. ' o o '
. . - . . o . - 'y
‘ 6. The Bourdon spring gauge operates from pressure on a C-shaped tube that
causes it to SLrhighten out, qu ope the valve, N '
7. The outside: screw«and»yoke Valve xs tﬁe Most cowmon. type of safety valve
. 7
, used on boilers,’ LA ,s'” . L ;. ‘
* 8. lhere are ,Lwo maJor kinds of blow&éfffcounnection§ ort boilers.
' 9. A steam separator is ohe ot Lhe drum 1thrnal . w. .
' ‘* L] ” } ’ .0- . N -
y " - M) . . -
0. watural, gas burners YGQUiFQ~“SEV?ra] soot blowers to {ree the neating o "
L sur f; 3@0‘ of. a?hw . | ‘_;“_,_. V. : . ? en )
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Instructor .~ .
%Post Assessment
Answers =
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I r1' . - _'/. \( A
L. True’ . | ” ;o
® ‘ . . " N . . . .‘ a
. _ . ! . T, N
2. False’ . _ ’
. . o
. . . o - '
©3. FYalse . ' o o .
M 4

4, True

. 5. True”
. Y] . l‘rU\
- ’
. 1. Falke
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9, frue.
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'Tho nppranlce wi 11 be able td depcribe J o J” Desqribe hydrgstaﬁic teqtlnn.f

ntpps in boller/operbtfont Y 2 I Desc ibe’ drying 0ut Lhe refractonyu
. L , ST n ' be‘“boilout 2

be - settlngaof safexy valves-

\f‘
‘e,

Qf b011er.nm.-‘ PR
6. ‘HEQCribe procedureq for overdtang
4 hoiler under.nurrial conditiwns,

7. ‘Describa»prouedure@'for o;%rat1ng
| hoiler under energanty. C01d1t10ﬂ5 v

'ﬁﬁ;; bescribe tyges and causes .of” ',

“boiler explosions,, AR

9, ;HO§Lere arocednre’ tor 9nut5
,down of - h011%” aah
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'Rea? the ‘goal and ‘performance indicators to'find 'what is to be learned from. . ¢
package. - . o : - 3 IR L
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b

Read the vocgburary lisé;to findtneﬁ_wordséth&t will be used in_packége. : S

.* Read the introduatfbn and information sheets. . - o o 7
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Introduction

x

A boiler operator must follow a set of prescribed -procedures for starting,

operating and shutting down a steam generation plant, These  nrocedures are

necessary for safe ang successful operation of a boiler.

Ay

This package discusses the basic practices for operation of bojlers. The
material 1s targeted at those that w111 be operatlng and malntalnlng boilers——
not boiler mechanics. . , A

it
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Pre-operation Activities

Hydrostatic Testing

Boilers that are new or recently overhauled should be tested under pressure for
leaks. A hydrostatic test places the boiler under 1.5 times its working pressure
plus 10% additional pressure. Plnhole leaks and cracks can be detected in the
boiler. High quality water of’ atﬂospherlc temperature should be used for the

test.- Water must not be more than 100° F cooler than the boiler thbe metal temperatfre.

Drying Out The Refractory

The refréctor); of a new boiler must be d&:d out before placing it into full
st'eam production, A low firing rate that will maintain 95.C water temperatures
is needed for drying the refractory.

Boiling Out The Waterside

The waterside of neb¥ b011ers should be boiled out to get rid of grease and dirt
that has accumulated during its construction, The boiling out can take place at
the “same - time the refractory is being dried out. The boiler is filled with
clean water and 25 % of the required 'b01ling ouL" chjmicals are added. - The
boiler manufacturer's recommenmdations must be followed on amounts of chemicals.
After the fireside drying is complete, the other 75% of the chemicals are added
“and the firing rate is increased. /The boiler pressures are raised to one-half
of _their working pressures. Blow~off valves are operated every 2-4 ‘hours to
remo the sludge. When the flqw-off water becomes clear, the boil out is
complet ' .

Safety Valve Setting

I'd

At the end of boil out, the .main steam lines, superheater and reheater sHould be
blown out. Once these have been blown out, the safety valves should be set. A
htdroset wunit is attached to the safety valve spindle by means of a turnbuckle.
Predsure is put on the safety valve by . a hydroset pump until’” it reaches it
setting. - If the valve does not act when its qettxnp is exceeded the value
setting must be adjusted with the safety valve compression screw. A hydroset
. unit and safety valve are shown in the following diagran. : S
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Starting Up A Boiler

1. Fill with high quality water. ¢
. Keep vents open during fllllnb to allow air to eocape.

3. Purge the furnace before lighting. Use 25%, of full load of air flow and
make at least five volume changes in nulpiple pburner units and eight volume
changes in single burner units. \

4, Light the burners. -

5. Control temperature of flue gas that flow to suoerheater or reheater by
regulating firing rate.

6, Protect drums and headers from rapid temperature change during tine that
pressures are being raised. If boiler serves one turbine unit, the turbine
should be’started when one-half the working pressure is reached. This starts
a flow of steam through the superheater and reheater. The turbine snould not

be placed under load. .
J. Mcasure temperature of flue gas in the furnace sections by means of
thermocouples. Tempernture change rate must not be over 40 C per hour for

"rolled tube joints or 200°C per hour with welded joints. ~
8. [If system has headérs, open drain valve on non-return valve and crack open
the header valve. After pressure has| equalized, open the header valve wide.
Open non-return valve and close. draln valve once Lhe boiler is feeding into
the system. :

~Operating Boiipr Under rmal Conditions

Mai 5,.'1 n Water lLoevels
1]

. y
+ \

) . Boilers are equinped with pauge glasses andhwater columns to indicate water
f . N L] . .

13
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levels in the boiler. ' Some boilers have alarms for hlgh and’ low water levels.
Water columns - should be  blown :down accofﬂing to -the manufacturer's
recommendations.  Blow-down shows the opérator-whether the water column is .
~accurately measuring .the water level. Doiler feed numps must be,checked for .
bearing temperatures and lubricated when needed.’ Stand-by feed bﬂﬁps should be . .
started and allow them equal operation time with the, regular feed pump. The

water lqvel control system must be checked regularLg R .

Wates SuQQ y ] co, | . ' _ . _
_Féedwater supply must be properly treated. Watebr tegLinb tells the operator how’
many chemicals need to be added to the feedwater.” Blow-down requirements -can =

‘also be ‘determined by testing. Téstlng should be done at 24 hour 1nLervals or
more often in some cases.

3 L : .
A . .

¢

’ Combustlon - . . : ' ) N )
[y [ ] .

Flue gas should be analyzed by recording analyzer OE,BL visual examination of - <
flanle color. Fuel burnlng and draft equipment must be checked. and burners
cleaned. Fuel temperature becomes important in oil fired furnaces. Air
temperature nust b hed in coal fired furnaces. An .opepator must maintain

the proper ratio of fuel/and air that is fed tq the furnace.

Soot, Blowing - | . ' o

’ .

’ L}

- -

v Soot and ashes clog up the heating surfacés ‘and result in inefficiency of gteam
oproduction.  When soof and ashes build up, they must be blown out with the soot
blowers. Soot blowers use either steam or air to remove soot and aqaes 3 om the _
heating surfaces. When the temperaturc of the-flue gas becones *hig the qooL‘ .
blower should be turned Qn. Blowers should only be tuwrned on when the boiler is

1oaded beyond 50% of it's Srated output. . Furnace draft ‘'must be increased during

sooL blowing to prevent blowQack of dust through furnace#doors.

[N \ . ,' t l o ’
. . . .

' Dust Collectors . . _ B
B . ) ’ . . Y
An operator must make gure that dust collector tubes are clear. Dust must  be _
/ collected from the hoppers regularly to avoid plugging of outlets. o ' ..
"~ Ash Removal o ’ ' o
’ ¢ . . i . ' . ( ' M - '
‘ Ash  remogal 1s a chore f_’of"'omerm,m's that fuel with coal, Dumping grates dnd
* ¢ 4 _' - ’ N
' ' s
- - . w . .
7 ".,,' L \ *® .
a ] » ' A .
Tt . Q. |
A Ju . '
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_grate stokers are uged in many coal® fjired pfants? The operator must check ,on
the type of ash removal equipment to mQ&g sure it is workigg’s}operly. ' .-,
B . ) i * .-\ . - .
Boiler Blow—off | . o . . ' N - T

r

. . , I\ : N . \.

Continuous blow-off rates and times are establisngd by manufacturers, Within a.
plant, the frequency of *blow-¥ff is usually determin¢d by the person in charge
of ‘feedwat®r treatmemt., Waterwall blow-off should_oyly be done "at times when

the Boiler i banked or operating "at lqw, levels. . . ) : » o v
] ' //1?5 R " o ) . ' . ' '
Inspections . i P Py ' - ( . v

J

Operators should mmke a general inspection of thefboilek‘plant each shift or

- . more often 1if possible. Leaks and problems should be detected " as early™ as

s . possible. All fittings and gauges should be carefully checked and a, written
record made on the findings of that inspection., .. ' :

.

.
t

Keeping Logs . - .
P ‘o . ) t . . v
Routine duties and the time of their performacne should be recorded on a log
" sheet, i.e. soot blowing, blow-off., Problems should also be recorded along with -
* notes or comments on the problem. All entries should show date and tigpe of the
ingpection, -action or problem, ° _

! V .
«

. ' Operating A Boiler In Trouble '
J ° . 3 ' : . ’ ' 4
. Emergencies do occur in boiler operation. The operator nust know what to do in
N case of an emergency. . : ' .
. Lowv Water Level ) . " ‘ _ ' j , .W % o
- There are many conditions that cause a low water level to onur. Actions " will
" depend somewhat on the nature of the condition that caused the problem. In mogt
. cases,.the-fire should, be cut off as quickly as possible. The gauge glass or
* water® column-should be blown-down to dgtermine if the condition is being
accurately measured. The airasvpply should be cut off and the boiler steam
* outlet closed to avoid rapid presgire changes that might stness and darthge the
metal. Where combubtion can be stopped immediately, the feedwater should be -

shut bff. - If fueled with coal orwgod, it is difficult to stop combustion vt
. immediately and the feedwater should be left on. , : .

] ' b
1
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High Watéq Levgls

* 4

-

s/

«~Water is. passed Yon with the steam instead of separating 1in * the drum.. In

, . emergencies created by high water level the operator shoyld:# . .
o s . »
., * * , ° . k . e . .
. 1. Shut off feedwater - . ° \ o K
+ 2. Shut off-fuel /- ' s S Yoo
3. Shut off air " , ' v )
4, Close turbine stop valves orj header valves to vrevent? water
- .. from entering the turbine . -
* *5, Use blow-off valves to bring\water level down to normal
Priming'énduboamiqg: . : | L ’ . /
e : S ) ’ T
. - . KN o (
. Water is sometimes carried-over with steam into the turbine. This conditien is
known as ;priming. . It may be due to a high water level or it may resilt from
~ foatiing. = When large amounts of bubbles form in'fﬂé drum, it si called foaming.
.aFoaming is <controlled by blow-down and "e#dition of feedwater. .Sometimes, anti-
foam chemicals are Eéed to prevent foaming. - ..,
Fdn Failure' . "
. : . . : . ! ’ BN
‘ Milure of the draft fahs allow comblstible gases to fill the furnace. The fuel
: should be cut off at once. ‘' If the induced fan fails, the fuel and
. 7 forced draft fan should be shut off. . |
. v 4 ' : .
Flame or Ignitipﬁ Failure ' ' ‘ '
2 . L] - . hd ’ ’ » .
. A flame failure occurs when the flame is extinguished for some reason. It is
N often referred to as*a flame-out. If fuel continues to flow into the furnace
y dqr%gg a flame-out, combustible gases collect and rn¥ght cause an _cxplosion.
. Whema flame-out occurs, fhe fuel dhould be shut off immediately. Some hoilers
have‘aupomaiic flame-out devices which shut down the fuel supply. Alarms may be.
~ attachgd to .gas apalyzer devices for signalling flame~out conditions.,  The
B : gérrnace should always be purged with a w of air after a flame failure. .
. : B . N

088 of Load”
' ' “ te . ’
Sudden ‘loss ol load causes a rapi# riseein boiler vressure.,  The safety valves
will open ag a result of that pressure.  Combustion controls will react to cut
’ . down the [iring rate, '[he operator must decide *whether the shut the boiler down

» . ¢ . -~

9

A LN E
High water levels can result in damage to turbine blades and piping failures. -
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‘or continue operatingfét‘adlow firing gatetﬁ\\) - : ' ' R
‘Boil&r Explosions ) . 2 . ‘ C ¢ . '

L | e / e .

~ Boiler explosions may “be ‘due tb the ignition of combustible gases in ‘the o
furnace--a furnace explosion or too much pressure breaking a boiler part--a-
pressure explosoin. Explosions cause property damage ‘and oss of life®to those »

in the wvicinity, The ‘most common causes of furnace'explosions asﬁ: -
' " e : . . B,
-/] 1. Failure to purge the furnace'before'§tart—up, : et

- 2., Fuel added to main burner without nilot flame,. . ‘ -

. 3. Pilot flame is too weak to ignite main burner. , . " a
4. Loss of main burner, flame in a flame-out. ; _
. 5. Lighting .a burfier from other burners which cause‘an a§gumulation f v
v gases ig an area befogre it is ignjted. '

Incomplete conbustion ‘due to improper air supply,
- Insufficient air flow through a banked stoker-fired furnace.
v Improper soot blowing procedures. : S .

v

) ’. : -
Pressure explosions are caused by« . . -

1. -Operating boiler at nressures beyqnd_that,for which it' was designed. .
2. Weak nmaterials that fail at nornal vorking pressures due - tQ stress, 4
'+ overheating and erosion. )
“ \ Shutting Down-a Boiler :

[

- ” . . ) ) . R .
_Boilers are shut down for cleaning, inspection and repair, The basic steps for
“shut down are: : _

L4
*q. "Switch combustion controls from autamatic to nmanual when load is reduced\ o
. to 25%. ) L ’ . : -
~ 2. ‘Run stoker hoppers and pulverized coal mills empty, _ ] _
3. "Cut burpers out sequentially, - . . : - : ’
4. leave' burner air registers ip firing position,
* 5. Trip main fuel supply vélve, T o _
6. Purge for 5 minutes. - N o : o
7.  Shut down fans and'clgsd burner r!ﬁbﬂfnrs. C - N ‘
8,4 Cool slowly and roegulate cQoling by thermocouples, LS eoom ‘-
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Information. -~

.~ 9. Close fendwater valves and header ,stop valves. ' _ N
L + 10, "Close down non-return valve. . . “"
11. _Open drain: betwaen header stop valve and _hoh-retugn stop vaIve., 4
12.  Open econopizer recirculating valve. i 2
13.- Open drum vents after Pressure drops to 175 xPa or 25 psi. . ‘ '
14, Drain boiler. e < ‘ '
.+ 15. Close, lock and tag valves. . © L A, "
16. Isolate the fuel supply. v S, ‘ -
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*  Read pages 1 - 21 in supplementary rbﬁerence: - E -,
f‘:Complete}job sheet. S e : (f "
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* OBSERVE START-UP, OPERATION AND SHUT-DOWN PROCEDURES R T
% Observe

~should take the initiative in.learning ‘good -operational ‘procedures. - Cloge" R T

. S LN

¥ Ask an operator to let you observe.operational procedures, v .t RRCAN S

¥ Observe. the steps in "starting up a-boiler. . Lo e S :

tHe;stgps«iﬂ normal operations, . R TP S
* Observe ‘the steps. in"’shut-«'iown. S R T P RIS
\ . . . - . Lo, L . i) . "’ ) ."" B ?'.“‘),.'.v

It may . not be possible to observe all of these procedures but tHe . apprentice. '

. : . . . . . . ) AR -
observation of an experienced operator is. a good way to learn rocedures, S
. L - p . p ., - . g y .. p . * . . .

o . N r..

P4 s - - . ) : . . .
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ost f, Yy
ssessment

.lix Operators “should make a general 1nspect10n of all flttlngs and gauges at

2.7

3.

4,

least once a.___ _ - . .

Water carrieg over .to the turbine with steam is called _ . S

“Large amounts of bubbles in the drum.is called '@ . | ._ : R

)
L . . « . . . .-

" Two types of fans are used to move Aair' through’ the boiler--the forced draft
and : draft fan. ' =

i_ g - . ..__-_r/
. . . .
- .
’

A o _results when there is a nomentary lapse

" An

in fyel
supply to the burners and they lose their flame. _ _
The two.. maJor types of boiler explos1ons are ‘and
' explos1ons.

-

opefator “to -

nanual when the load is reduced to:

.
0

.®

e
should SVltCh combustion control’ equipment from automatic

-

L i . TN

K

Foncing_air through a boiler t0vremoxe combustible gasts is called o e

‘. N . -
\" . " 1. v.
9." A test’ places the. b011er under 1 5 tlmes ‘as- much _ .
A . L4
g pressure as its design rating. . o : T k
oy 10, The accuracy of gauge glasses and water ¢olumns ean be tested by S
. . N " N ' { ® . ! ’ . . W.
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" Instructor
'Post
Answers«

-~

ssessment o

-

- ' . [y
. . LJ
I. Shift — ‘ .
. . . . . : »
¢ ) 4 .
. y - s
“.2. Priming - '
. . ‘ / j)
: . .
' ' .
[ - - \ . .
3. 'Foaming
’ a
. 4. Induced’ . . : ) . )
_ : .
. : ~ :
* 5. Flame-out | y : R
. ’ . v J':.
- . g < u
- . ‘ S - '
L 6. Fyrnace and pressure _; ¢ ;
. ) ) ’ P
7. 25 ' ) ) e ‘ ‘ ‘-
L] . W
* . . ' i BN
8. . Purging v
N , . »
A . ) ’ v
' 9. Hydrostatice .
' ¢ ~
. . - ' '
10." Blow-down -
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Goal: Performance Indicators:
a ‘ - - . R
The apprentice will be able to “ 1. Describe cleaning of air.
describe methods for-cleaning .
a boiler. C : - 2, Describe cleaning of ‘
e ' - feedwater. ;
l ) ’
. ‘ 3. Descrive cleaning of stean.
S 4, Describe cleaning .of soott'
e ' " ash and scale, B
y " s, Describgl cleaning in routine
opreations, ' _—
' ' N
- . . . :
o 1
» :
LI T , - - "




e INSTRUCTIONALLEARNING SYsTiMS -,

.

\ *  Kead the'goal and p¢r£0tmance$indicét6rs to find what is to be learned from
- package. ; e o ’ '

M .

. ) » ) . . : - v . 4
Read the vocabulary list to find new.WOrQS‘that'will be used in packege. M )

* Read the int:oduétioﬁ and information gheets. - : - .  '

* Complete the job sheet: ] ' ’ '

P #* Complete .self-assessment. A - o
. i ) . g - v , . .
¢ * Compelte pogt-assessment. S o . . : .
¢ : - - o
) .
® ‘ )
’ N . \
* v
. ] »
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- Vocabulary

~‘ ~ * . . . . . ' ) . ] '. . {\\' .

* Air washers : ' . - . /’\ C ‘

."-
-

* Alkaline boil“oup : | ' - .fm T f ;1, -
) , * A§h“hopperé ; |
¥ Ash separators
‘;A'Continuops blow-of f - : _ .

*‘\Dust collectors

¥ Flyash blowers

. ‘ * Inhibited acid gleaning ‘ .
. . , ) .
. ,* Precipitators

* Purging
i

.

- * Retractable nozzles ‘ ' o .

. N L
#*  Sootblowers ’ .
" * Steam separators
f Steam washers . *
* Surface blow-;ff - _ F .
\ :

Q - - saday

L T

P
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tfficiency and " safety of boiler operation is highly dependent on keeping ° the

boiler parts clean and free of grease,r'coﬁbustlble gases, ashes gand soot.
Purging the ‘boiler with fresh air to rid it of combustible gases is one type ‘of
cleaning geration. ‘' Ash and soot removal is a cleaning problem ".in boiler
systems, eedwater must * be kept clean of impurities. This requires another
cleaning process that involves surface and continuous blow-down systems: |
_ , : .
Several packages have dealt with the various cleaning processes. This pac xage
will briefly discuss cleaning and cleaning systems. Each of - the,systeﬂb will be
discussed 1in "greater detail in other packages that relate to " draft  control,

feedwatﬁ> and boiler construction and operation,
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o Cleanlng the Air ' ' , : R

Draft equipment provides a flow of air through the boiler. At the same time

. waste gases are moved away frqm the combustion chhnber. An- accumulation . of

. combustion gases can be a safety hazard that causes explosion. Purging is. a
strict requirement for all boiler, startups. Clean air flows through the boiler
and removes all. combustible gases before firing the boiler. The purging.
operation must become a habit with boiler operators. Draft equipment must
function properly during operation. The’ furnagg needs air for combustion.
Waste ' pases rnust be removed continuously to eliminate hazards of explosion.
Forced draft and induced draft fans are used to nove nev air 1nto the boiler and

' combustlon gases out. ' : "

Cleaning the Feedwater L - T

\ -

‘ Feedwater ' is cleaned by mechanical and  chemical methods. Controlling the -
quality of feedwater that enters the boiler is most important. The water nay be
- trgated with- chemicals such-as-softeners and anti-feam -materials: ° Blow-down *
connections are designed to help keep the feedwater clean. . Surface blow-off
renoves impurities of the water line. Continuous blow-off removes water from
well - below the surface.. - The continuous blow-off is located at a noint - vhere
heavy accumulations of solids occur. This continuous removal oi feedwater that
is heavy with solids is a cleaning methqd Blow-of f 18 used to reiiove sludge
and scale from the boiler. ' ‘ E

-

Cleaning the Stean

A number of devices are used to clean steam before it enters the turbine, If

the steam contains water, it causes fouling of the turbine blades. The water is -
actually cleaned. from the steam by such devices as stean separators: aml’

stearp washerss .These devices are part of the drum internals. ° '

. Cleanina Out Soot Ash éqd Scale

Soot and ash tend to cover the. heating surfaces of the boiler, Excess soot and

ash reduce the transfer of heat and efficiency of steam . production. .

Soot blowers - are used to remove soot and ash from the furnace, superheater and
reheater walls. These soot blowers operate on steam, water or air pressure that .
is delivered through retractable nozzles. The operator determines the need for
soot blowing and, follows prescribed safety procedures in operation of the

- : blowers. With 5ne fuels, especially coal burning plants, ash handling ./
. equipment becomes very important in boiler operation. Ash handling - equipment

-

112
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_ glr washers, dust collectors and precipitators.

. Scale deposits are a major pfbblem in b011ers.' The control of‘feedwater quality

.. -to reach surfaces that canpof be cleaned by mechanical methods.

w ) . . . : o ;.-'-. - ) ] ' "4

includes waterfilled ash hoopers, blowers for hgpdling flyaah, ‘agh sdparators,

a

determines the amount of.scale deposit in the boiler. Scale deposits are

removed by -mechanical or chenical ‘cleaning " igthods.  Mechanical -cleaning
involves cleaning' fools with, cutter heads of herd surfaced -materigl, These:
. tools are powered steam “or- ‘air and rotate at high speeds.. The todls actually

«cut the scale deposits from tubing and drum surfaces. Chemical cleaning is used .
.o ”‘.

[N . . ’ ’

Two methods of che cal cleaning are used. - The alkaline boil-out is used to
remove grease and oi Inhibited acid cleaning uses acid to dissolve scale. A
test should be nade of ‘the scale deposit and a chenical strongth selected  for
each type or #pdsit C‘lemicpl cleaning is usually acconplished with a 1ow._
strength aci (1nh1b1ted hdebchloric) that will remove the deposit without™
cariage to the ? etal mxports are usually "contracted to do chemical cleanlng. -

~ 4 ‘ . -
-

Cleaning in Routine Ogeratlons

Mpst cleaning oeprations require that the:boiler be shut-down and cooled Jor
internal inspection. The following steps are basic to the cleaning operation,

1. Reduce load on boiler. - :

Z. At apout 50%-load, operate all sootblowers to clean fireside surfaces. L a
3. Opem drum vents after boiler pressure reduces to 30 kPa. '

4, TIsolate boiler. by.closing. and,Lagging valves ... ~&nd-_~-open1ng .. circuit .

breakers. .
5. Open blowdown valves and drain boiler whea it has cooled down to 90 C. .
6. Remove steam drum manhole cover. : _: \
7. Remove lower drum manhole cover. This step nust be oone after step 6 to
, avoid fteam vurns. ' .
.8, .Open blowdown valve$ and £lush boiler with high pressure nose. ' ’ v
9. After draining, close and tag(blowdown valve, : L
10, Open fireside access door. ' ' *
11. Inspect drums, drum. internals, burners, dampers, sootblowers, tubes and
connections, , : : " »
12, Record condition of aprts in the insEection log. ' - _‘1 . .
13. Make recommendations on cleaning methods to be used. \_0utside help may ‘be

needed in analyzing‘scale deposits and reconnendlng chemical cleaning
: method to becused, ' o -
'14, Perfornm additional cleaning as determingd by inspoction.

AN

. . -
L- : ' ' . ' .
. . -, . A

»

¢
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. I A , ov N “- ) ..;v o . - (i. . - ) - . .
.+, - % Read manufacturer instruetions on methods for cleaning a specific.boiler. - .
' - 'k » ‘ A . . . a . . : : X -.. ‘ * - . . . , )
"*,'.Complete .the job sheet. S N : . _ - .
; R " Complete ™the self-assessment and check yoy& own answers with ‘the answer =
; ‘ . oA Sheet ) ) . . . ? .’ . . s . .
ty o ' L . C. . . ! . . - . ) .
v #* Conplete the post-assessment and ask-the\ instructor to check your:answers. I
v - . -
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Keep log on condition of all parts inspected. * ‘

’ ) - . W ' _ -t .

COHDUCT INTERNAL INSPLCTION OF BOILEQ

Revrew safetx rules for enterlng a b011erxthat is. shut down’,-

Obtain permission from opérator to inspect interior or assist operator in
ﬂaklng routine inspection. ' '

. . i '
- Inspect drum, - tubes, drum internals, - danpers, sootblowers, burners, -

connectlons and.other parts for deposits, erosion, wear, etc.

1Y -

Complepe 1nspect10n log.iﬁd‘show'it~to instructor for comments, =~ - -
Make recommendatidns for cleaning™ the boiler. If possible - have
instructor to verify your recomﬂendatlons. ‘
. ,.;c__ : . . )
S ) : ) . ) . N )

S
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Assessment

' : : ) . C e e, e
" ; , . e o P

lawW® each oY'Ethe following pieces of equipment or pracess--QCCoridng m;d?”thg'i;

following code. - - T, ' S , .
- P ST - . le

"(A) - used in'cleaning'ayt_' o e I
{F) -- used in cleaning- féedvater : | _ 0 R
{S) =- used in cleaning.steam _ - Iy

(Q) -- used in clean;ng ash soot- and scale R L T
1. Mécﬁéﬁical.cleanlng | § \f :
. : AN
. - 2., Steam separaﬁpr‘A .
o 3. Induced draft fans-\

s Y4, Inhibited acid éleén{ng

. 5. 'S{irface,.blow-off - . .

6. Retractable nozzles y : o -

7. Dust'collectdr

8. Ash honpers S _ , _ o

/ 9. Purging

10.° AlkéLine boTl-outs . R o o . s'v : o -:h. ‘

s ‘, . ’ , | ., ' ..‘. ,

. : " - - - . .-
" : o : : _ A
. . h : .. Vi !‘ ‘!', - e \
. . : . \ T OO A - Dl
’ T A L L
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Assessment N

R——————— | ‘ —

]

~/ 1. List two nain nethods for cieaning a boiler.’ ’
‘ ° ’
* 2. List tio devices used. in cleaning stean.
v | ; . I. \

How does soot deposits on heatlng'surfaces reduce the eff1c1ency of
product10n7 _ . . :

AWhiehi ﬁethod'

What device uses retractable nozzles?

} . _N P .

stéam

of chemical cleaning is uged for removal ofngrease and oil

from boiler.

Ly
. 3 X {

What are tvo. types of blowéeff?

. 7

How is sludge normally removéd from the boiler?

wWhat is';he'purpose‘of purging? . ‘ ' . K;;/;::}

. &

Listftwo-typeS'pf fans used in draft control systens.

L ]
Which: type of chemical cleaning is used_to'&éssolve scale deposits?
- Lo - - ”
IS
§ CF
11 . ' , L .‘ . :
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Instructo;iz

‘Post Assessment .,
Answe rs

1. Mechsn;cél‘and.chemical
2. fSteam sepgrétor.and steam washer

- 3. Reduces heat transfer- N . . : . -_: ',f

s&. ﬂlkalinegboilfoptﬁ__;. | |

5: ‘Surface snd continpsus ; o . '. ) ‘i...
6. Sootblowers - A R T . - L

EES

7. By blow—off~procedures.f.’ N S

8:..Qemoves combugtible gases: from b011er prlor to 1gn1t10n.
‘, _ ' */plosmns from ;hese gases. '

‘Purging prevents -

. \
9, . Forced draft and induced draft '
. ; \ : . \
10. " Inhibited acid cleaning-’ N
. ) v .' J
. |
\d R ~ | } | |
3 : / _
I\;S ':
. ‘
‘ N ] L
. 4
: Tt
. V ' s, : . v ‘
- , . '
, . "
, 12 t '
k . ~." ‘;r
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Supplementary
References L
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. ’i.*. Manufacturer's Instruction ianual on boiler 'sleani'ng procedures.,
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. BOILERS -- HEAT RECOVERY’SYSTEMS ', .-

2 " .. R - ° . w . T
o . . 2 . . . e
M i - . . . : . . ‘ . .
. - . . - . . . R

erformance Indicators: .-

.

.~ Goal: |

- . _. - r v N : : : -
L o Yo . ' . | P | 3
© The apprentice will be able to-describe| k. Describe types of superheaters -

heat recovery systems. . . ""and Teneaters. . ,

» . . L - 2. Describe methods, of - steam

! ' $§~*\\ R , . .. tempterature control. o
> .o : - ’ . . . ‘ ’ N ... ".

" - - 3. Describe types of economizers.

L e _ -~ “h4. Descfibehtypps of air heaters.

4 ’ . . 2
. . ¥
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"Read 'the 3oi’gfhd performénce indicators to find what is to be-learned from
package." _ . ‘ - _
* Read the vocabulary list to f1nd new words that will be used in pacnane.
A Read the introduction and 1nfornat10n sheets.
* Complete the job sheet. .
Complpte seli-assessment. =~ . a )
. _ " \ .
Cdplete post-agsesshent , e / o
' g .
- /
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. v
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4 -~ "
» . P
o b
[ \\ .l t ‘
. _ '
N [ 4
s N ¢ ]
! N ‘( «
Y
~ [. | .
v " ‘ ;‘ "t
o _




A

)

Vocabula
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‘Convection superheaters

Rgheaters

=" INSTRUCTIONAL LEARNING SYSTEMS

.Y

?
+

L]
-

i .
Attemperation . ' b
- Combination superheaters | *
‘ N .
Combustion gas by-pass . : . #
‘ .
Combustion gas recirculation ' *
» ¥ ] . | :
Continuous tube-* : N Py

Desup rhéating

" Dry stkam

“conomizer

Extended surface tubes : . S

iézégfal econofiizer ' “
Integral type _
Plate air heaters _ :
Radiant syperheaiersf

RécuperagiQe air heaters

Regenerative air. heaters - "

Rotary regenerative, air heatep

. gaturated stean . o e

!
. 7
Separate economizer
Separately fired type -

Superheaters

Twin furnace

Tilting burners

I} &
Tubular air heaters

°

\

U~bend tubed

LRy
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N 3 . .
- Introduction

Heatuaeeewefyoayeﬁeﬁenimpreve-the efflciency oi stean generation The heat that

is normally lost as combustion gases pass up the snokestack are - conserved as
heat for making steamn.

‘This pacxage de scrlbes the. varifous types .of heat recovery systems. With this

~')basic understandlng, the apprentice can learn more ahout heat recovery through .~
on-the-job experience. ' '
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~ Information |~

<.

: : R : ."""w . . \ )
The boiler has several components that are designed for recovery of heat from
- combustion gases. The more heat that can be recovered, the more efficient the -
steam generation process becomes. A ) ’ '
Heat recovery includes superheaters that remove water from steam to make itmore
efficient, Reheaters 'serve as superheaters for steam that is returned from the
. . turbine, Ecornomizers absorb heat from the combustion gases into tubes filled
. with feedwater. Air heaters absorb the combustion gas heat into the air - that
- ~.will be returned to the furnace. All of these componepts are designed to N
improve the efficiency of modern boilers. ' '
L ]

0

: . . Superheaters and Reheaters . _ A

”

- The superheater and reheater are designed to increase the temperature of steam,
A Both are made of tubes over which the furnace gases can pass. Saturated steam v
‘ . is dry steam at the same temperature of the water from which it was boiled. If
it contains water, it:-is wet steam. If this steam has the moisture removed by -
passing it over a superheater, it becomes dry steam with increased temperature.:
Dry steam produces more energy than saturated steam. After steam enters the
turbine and expands, it cools and the temperature drops. The steam is returned
to the boiler for reheating. A reheater is actually a type of superheater.

-

Superheaters are of two types: , » : o

1. ..JJntegral type
5 - N

2. Separately fired type

Integral Type Superheaters

> : . integrql type superheaters:may be further classified into:
n ; - . !
, 1. Convection superheater that is shielded from.the radiant heat_of the
‘o * . furnace. ‘ :
i LY 1 R . © .
2. Radiant superheater that is exposed.to the radiant heat of the

furnace. ' | : .

- .

3. ‘Combination superheater that is partly exposed and partly shielded.
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'
A convection type suj2raeater is shown: below.
. : n : K/ e ; l/ . ]l Fl .
: - ey . 9] W
f . L2 AR W
NS
S Lux * 1 s
T ol o N :
- <
1S T N
vy A ‘ 4
. . 'J-‘W '*’:
) . ; x» . #
) . fti ¢« , j ' )
, ’r“’ - J i - .
-’ VR : )
, .y . ] * ,, l .‘4;."1 . . . )
» "' o - J Mpee ’
) o o \.'n:rvq:: . ) . h
. geied L bt : < .
) ' . o o::;;fllf ‘. 3 ,'.',l»;i.: i o ) ' .
' : AN P | | '
A combination, superheater is shown in the foll¢wing illustration, i
= . . b 0
v ' Superheaters in Series T
. (Combustion ' g
Engineering Inc, ) ereorree '
L ‘(:Yl:j
Maxtmum Continuous Steam Output— SR NP
163 299 kg/mr [
™~ Operating Pressure— .
: it ” : nﬂ '6480 kPa psi at superheater outlet
) - Tolal Bteam Temperature— 485? c .
. Fuel—~Natural Gas and Fuel Qil SER—— ' \
II FPlring Equipment—6 C-E Type R Burnets
, Ry
owd
R
| | 4 . ' L. o
e T &
i 2 ..‘,..-., .“ “‘i H_{::Sﬁr V\;g'b'm: ““'vf;"'%& : 8
| ' &3
00
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u;;uwwmmSeparéte}T“¥%Ted”9ﬁpﬁfhﬂﬁtxﬂ1? - .
A separately fired superheater has its own furnatq.; It is nhoused separately
N from the steam furnace, It may be supplied with steam from several .units, The
< greatest disadvantage to this type b1 superheater is the cpst, The. principle of

a separately fired superheater is (showh. in this diagran.-

.

-~
] . A{ ’ )
: ; ]
. ’ \
W |
\\P ® ‘

‘l' o= : .

_ One adaptation of the separately fired superheater is the twin iurnace. It
congists of two furnaces in one unit. Superheater tubes are placed in one
furnace and the steam from both 'pass through it. . : - '

. Steam Temperature Control
- \’ .

. Several methods are used to control tae temperature of -steanm leaving the. o
superheater. For efficient turbine operation, the temperature of its . steam ‘
supply must remain-constant. “

- Tilting Burners have burners * *;h,be tilted up or dowa. It témperature
is too high, the burners are tilta’‘s.mi-rd. If too low, they are tﬁlted .
upbward, ' . b : ‘ \s
- 1]
) "
N v
! .
R
e
. * ‘, R
) [ .
o WPV AVAILABLE
7 . ‘ ‘ . . a
. 7
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N e s
= lwin. furna

O

fired. auperheater s . >

-~ Combustion Gas Bypass

superheater to, avoid. o
v ,

routes some of thé combustion zases around the.
verly high temperatures. ‘ L L
. ¥ m ’_
| } | amper o
. o o | NS %

-

, - Combdstion Gas Recirculation recirculates combustion
. tubes to raise temperature,

5 N Lo P Y
‘.'j W{" RMMM Q.k
" -
.
4 "
- Jesuperheating lowers temperature by spraying feedwater irfto the superheated
T sgean.. o S _— '
) . Despewheo
. . .
) ‘f"’ ‘
\ An 1. /
* " / '
| . ~./ ' "
, . Sperhostw . - ; ,
R A . S séctions : . :
_— N ' oo ! o
. * : / /’ . i
v,
1/‘
/
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AtteAperation lowers the steam temperature by condensing it as it gasses over

pocooos ‘me ACTEMpPEraTor cuuég"ﬂmﬁ“’é'ﬁ’é‘ﬂﬂf'ﬁﬁ (T3 1 LIV YHS) ohaaa s anne cocooeo
v S : . ..
. _
: . :
Attemperoly n
' O r—.
S G R e
. , :  Aootw
. Eonomrer
L/ Cootd Y 1
- whe
Feedworer MU v
4 . .
Econonizers
LY [} ks ' . _
g . . ! N H .
' . Economizers are also a series of tubed. They are designed to absorb heat - from
. combustion gases. This savings of heat will improve the economics of steam
' generation. ncononlzers are of two ba81c types: .
.

1. Ihtegral;economizer is one that forms an integral part of the boiler.

©

2. Separate econonizer is located outside of the boiler. This type is. the .

-fost conmonly used economizer, .. .
4

A

Integral Economizer’

L.

The integral economizer is a t% e and drum arrangenent. The tubes may attaci to
the drum of the boiler or may have two .druns of its own., Some typical integral
econonizer arrapgeﬂents are shown, ' _

w
: /¢
o 9
/ ' . L) .
e — e sttt
» o ‘ Lo - ' S , " \\ ‘
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Separate fconomizer ‘ .

“Separate economizgrs are located outside the boiler. They consist of ioWs of ;-
tubes placed horizontally. ' The tubes are filled with feedwater. ‘As combustion ’
gases flow over the tubes, ‘the feedwater ' collects heat from the gases.
Hoonomizers are available in different configurations. : ' -

L0 . e \ Lo o
' | -. Extende¢ surface tubes have straight tubes with cast. iron  .fins - that .
o ”/3rdvidgs more surface for heat collection. o B -
. e . " . ~
] > ‘
. N . _'/ \ - -
' - U-bend tubes has extended surface u-bend tubes.
) ,
*
//\— Qé:tinuous tube has a'continUOus tube that loops between headers.
w . . . . . . . ' | L | R . , :
- ’ . I ) . ' § ":. A ‘ : ,‘ ‘ . .
. : ' : | . ] R !. . ' N
/ - e " . Air Heaters ° ' :
.- ' ! < R :
' : o ‘ . o , o . Do i ' g
Air?géeaters‘ére'used to colleé:.'zat from.the flue gases. It can be used . in n"?
‘ ‘l’ additlon to the economizer. The air heater is a heat exchange surface that is = .
.. - o o ' L LY
. , - 10 ) ' "‘ ' ' ' I - \ . ' -;
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Information

located. in the flow of combustion gases. The air absorbs the heat where in an
economizer the heat vas -absorbed by feedwater in the tubes.. Heated air -is then

used in the combustion process. Combustion efficiency is "improved with
-increases in the temperature of the air- that enters the furnace. Air " heaters

are of two basic types: -

1. Recuperative heaters : o g e "
2. Regenerative heaters ‘ '
Recuperatlve Air Heaters .
The heat from the gases is transferred throu0h the Will1 of a tube or plate to
the air on the other s1de. Recuperatlve air- heaters may be further classified
o two types. : S

a

1. Plate air heaters -consist of a series of thin plates with passagewayus
between them. Flue gases pass through every other passage and; air

directions. Heat is passed through the plates. .
2 Tubular air heaters have 'a series of tubes that carrj air to the

~ combustion chanber. Flue gases pass over the tubes - and heat is-

transferred- through the tube wall to the air. inside.. ‘Tubular heaters
~-may be arranged horizontally or vertically. ;- T '
Renenerative Aif Heaters
In regenerative air heaters, metal sheets are heated by the gases and then movid
to heat the air at another location. It becomes a decond hand heating proce
as compared to recuperative type heaters. The mnost - common- type is the
rotary regenerative air heater. The rotor turns slowly and the metal plates are
heated by the gases. As it continues to.turn, it passes through the air section
and gives up its heat. ‘A rotary regenerative air heater 49! pictured below.

DIVIDED-
HEATING
SURFACK -

ROTOR DrRIVE -~

MECHANISM

¢

_.passes 1in the alternate spaces. - The gases and air flow in opposite-




Assignment -

¢ I
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- * Read pages 18-38 in the supplementary reference. o E '

-# Complete job sheet.

. e - F
! ) ,, ) Lo

# Complete seli-assessment and check answers.

* Complete post-assessment and ask the instructor to check your answers.
" . - * . , ‘. . . . . -
) v - ., R
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INSPECT A HEAT RECOVERY SYSTEN : .
*  Locate a ‘stgan generatibn plant that has a modern heat recovery system.
# Ask permission to visit the facility.
* Observe the  heat recovery systen and ask questions of operator.
- Does it have a superheater? n
- Is the superheater of ‘the integral type or separately fired? , . SN
- , : ‘ . . : ) ‘
- Is it a convection, radiant or combination type superheater?" o
o - Does it wuse tilting burners, twin furnaces, combustion gas bypass, |
: . . combustion gas rec1rculat10n, desuperheatlng, attemperatlon or othermethods
Y, - - of temperature-tontrol° oo :
- Is the economizer ‘of the integral oryééparate type? How is it made?
- Are the air heaters recuperative or regenerative types?
* o ) . o - R :
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. " Match the

L]

: 1;f Economiaersu

' g . -l
£ ,2; Reheaue;s;

| ﬁ+bi}9wiﬁg terms with -the ph
" the blanks.;_‘;;i’esidg thé-’-a,numbers.

ConVectioq_tyPe supetrheater

v,
. _
. "
_ .- Radiant superheater
BV N .
-d. .:';iw _ W,
8. Tifting burners

_— v

: 9. Copbination superheater o

rases by writing the Proper letters into

A.
~ of the furnace. o

" Absorbs heat fron combustion -

-Shielded from radiant heat of

- Steam that contaips ioistura,

Method for controlling temper-.

0
.
o 9. ’
1 .
a
.

\ T

Exposed to the radiant heat‘uj"
"Steam with moisture removed
' by syperheating,

Partiatly exposed and partially
shielded from the radiant heat
of the furnace.

b «

Reheats steam that is returnéd .
from the turbine, L

gases into feedwater filled
tubes. - o

the furnace,- : '

Type of air heater.

Q

°

~

)

ature' of  steanm that leaves
the superheater, .. '

Uperative Jo Supexheatér has its own furnace |
' . ' separate from the steam Jener-
N ation furnace. ' - :
1 . : ' .
‘ .
. 3.
3 . T
14 _
- : - — —— sty
a .o N 134 ¢ . !
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\nswers
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Assessment
MW

1. U—bend tubes are often fpund in i 3 .
2. An: ‘ | econoriizer is formed as a part of the boiler.
3. ‘ air heaters thkansfer heat through the walls of a
' .~ plate or tube. ) - L < _ . ,
4 i : ) . . ' .
- b, - ’ ' air heaters move metal sheets through combustion
gases for collectlng heat and then rotate to a. Lresh a1r stream to deposit
! heat. o :
5. A rotary air heater is an g¢xample of a __ ' L air heater. °
i S y _. 1 / p ) . 0 )
- '.. ) ') .

.“ - 6. ' superheaters.ér'e shielded from the radiant heat |
. of the furnace.” . - ' _ , ' L - )
7. , s supérheaters are exposed to the radiant heat of the
. furnace. ] o : - ' '

v, ¢

8. One adaptation of the separately fired superheater is the -

9.. ' - is the spraylno of feedwater into superheateﬂ stean
to lowver its temperature. ' ' .
q ) : .

-10. Extended surface tibes are & type of tube that is found in .

\ . ) .
- ,-m”' ' > - .
‘ ’ ' ' ‘ i
- 4 '
. O- . 2
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lnstructor S
‘Post Assessment
Answers o ‘.
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1. Economizers

"\ "2 Integral
. ( o
3. .Recuperative R '
4. Regenerative . .
\ 5. Regenerative

" 6. Convection

7.° Radiant
8. Twin furnacé
"9. Desuperheating -

10. Economizers

."
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~ References - 7\
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* Correspondence Sttldy. Lecture 3, Section 3, Third Class., Steam Generation.
Southern Alberta Institute of Tecnnology Calgary ,_MBErta Canada.




Goal: | - J
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1 BOILERS -- INSTRUMENTS AND CONTROLS

The student will be able to describe’

the instruments and controls for =
boiler overation. '
: L]
:
I'\ )
2, \

,'Q O

L.

Performance Indicators:

1. Describe measuring devices,

2, Describe controllers, trang-
mitters and actuators.

3. Describe feedwater control

. systems,
7 ‘
b, 'Describe'combus&ion control
- systenms, - A

. . y
3. "Describe stean temperature
control systens.
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Read the
package.

Read the
Read the
Complete
Cohplete

Complete

gqai'anﬁ performance indicators tolfind what is to be learnetl from

vocabulary list.to find new words that will be used in package.

introduction and information sheet.

the job sheet.. - *
self-assessment.

post-assessnent.,

Y

o

y Guide

T ek

Y
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Actuator ) B . _
Bellows gauge ' v o -
Bi-metallic thermoneter ‘ .

Bourdon tube '

Controller

Diaphragm pressure gauge . .
Float cage . ' ' .
Float manoneter . - :
Float weight device {
Flow nozzle

Flow transnitter a
On-off controller

Orifice nlate

. Positioner. - i ‘ ' W&

Pressure transmitter { : o . . S ~

' Proportional controller ' ' - o ' i
* Proportional nlus integrali (reset) controllor :

Prosortional plus reset plis derivative controller
Renote indicating bulb therjoometer
Siazlg elenent control ’ IK . .
Teanerature transmitter _ r ,
Thermocouple . .~ o, , o ' S S
Therno-electric pyrometer , '
Therno—hydraq}ic sydtem ' - ’ A
Thermo- erpansion regulator , - _ , " . o ‘
Transmitter - ' _

Two element control ' _ . .
Three elenent control \

Venturi tube :
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“Introduction

s e L e L T

K] ) "

¢

The: safe and efficient operation of a stean generation plant is dependent upon

the proper control of temperature, pressure, levels and flow of air, fuel,. water

- and " stean... This can only be accomplished with the nelp of contro¥ equipment
“that shows the operator what is happening inside the boiler. o

¥ . . \‘

These vairables must be measured and that measuredent must be shown ia dial or

‘gauge that is visible to the overator. This pack@ige is designed to  acquaint

apprentices with the measuring instruments and how the measurements reach the I
. . ‘ ' : . ca
dials ‘and gauges. ) . _ .
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The instrumentation and controi devices must measure such things as temperature,
Other control devices monitor feedwater,

pressure, fluid flow and f1u1d levels,
combustion and stean temperatgre. '

Kl

;
! Measurement Devices .

N

I
Temperature Measurement Devices

Heat transfer involves changes in temperature.

control and thys must be neasured regularly

‘temperature
1. Stean . _
- T 2. Feedwater o
- 3. 0il ' ’
._ - 4, Cooling water « |
% Flue gas - . P

|

4

L]

—

"The following items must - have

»

’ . . : '
There are 'many tynes oi 4nstruments for measuring temperature. These include:
. ' .

"Glass stem thermorieters

Rerote indicating bulb thermoneters

Bi'-Metallic thernometers

SWN e~

»

The 3lass
glass tube.

Thermo-electric pyrometer

.

high

Alcohol filled therﬂoneters are best suited to low tenperatures. .

L

Glass-stem Thormometer’s\ '

v
i

‘stem thermometer operates with a column of mercury er alcohol in a

Mercury filled thermometers are suitable for “temperatures.

\




L

A remote-1nd1cat1ng buab thernome;er is used to record tenperatures away from'
the site of measurement. This thernmometer is made of a Bourdon' tube, a capillary
P tube " and'a bulb. Changes inside the tube cause the’ 3ourdon tube to expand  or.
contract. The Bourdon tube is attached to an indicator arm. : '

t

o : R ' Bourdon ' . Filing ~ W
. “ ‘Tube _ Tube . Co S
. ¢ T

Capillary - - ) . od
- Tube . . .
r'd
rd
¢ g <+—Bulb A
o -
. " >
Remote Bulb Thermometer . ’ - '
. . . . . .

Bi-metallic tnermomet®rs are made of.thin metal strips Qf different nmetals. The
met#ls expand .at cdifferent rates because of differences in -metallurgical
properties of the two metals, As the metals are welded together,. ‘expamsion
~causes a bending action vhich roves the 1ndicator. Brass and an iron nickel.

’ alloy are connohly usod as netal strips... '
. OIRECTION OP l (
- ~
K ~ . o ,. ) . s - ' i ¢
('.m'o i § l' R . . ’

Bimetal Strip

A thermo-electric. Jyroneter is actuated vy a thermo-couole which responds to .
temperature change by increasing or decreasing its voltage output. . S

¥ o o S -6 N v'l‘hormooleutrlo Pyromoter

. B \
R T T T I ...._‘_...n“.‘____._.__.__._...—_—__az__..._._._h.._.).
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' Some- of the common- dressure measurements.are:

r

l. Stean
v 2,: Feedvater’
3. Furnace , o - R
4, Condenser . ' . "
5. 0il e ' : T

- - ' ' ; . ~
The cevices used to measure pressure include: o

-* 1. 3ourdon tubes _ _
2, Bellows pressure jauge ' o
3

. Diapnragm pressure jauze.

The Bourdon tube is shaped in ‘the form of a C, spiral or helix. ' Tae open end of
a . Bourdon tube . is attached by a linkage mechanism that moves  an indicator.
Increases in pressure cause the tube to straighten and move the indicator, o A

. /

—
»
.

h bellows pressure gauge is a corrugated chamber:
that expands along its length. Pressure oh the
bellows causes expansion, This expansion moves
~a linkage to the indicator which rezisters change
in pressure. ' '
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,|nformatlon - |

~Tne diapnragm oressure gauge Gtilizes a ligd filled u-tube that is connected
-to the pressure sources at one end., The other.end of tie u-tube is connected to -
‘the atnospheret The difference in pressure at the two ends of the u-tube is |
measured.  Pressure on the diaphragm moves one side of the u-tube which, in

~ turn, oves the indicator arm. - ' ‘

13 . - [ R o/
! . . . : i
e . to ! ] v : ? # . o
' ) ’ POINTER ASSEMBLY POINTER . .
seaLe : . :
CANTILEVER - .
RANGE SPRING Ol ’ ; . ’ . ”
L4 ’ - ,.f—" . - : .
/E | ) ‘ |
BEAM . ]
SPACER . TERO S L .
: e gt~ ADJUSTMENT . )
Y. 44— PUSH ROD . e } |

IERO BEAM . N .
) j . . PAESSURE OR Co . . . " .
QIAPHRAGM ORAFTY FONN!CHQN .

Diaphragm Pressure Gage

)

o " Flow Measurepent Devices

The rate of flow must be measured for steam, feedwater, fuel and air. Flow is
measured by neasuring nressure drops across a cohstrietion vithin the pipe. A
constriction’ increases,velocity and decreases- pressure of the substance flowing
“through a »pipe.  In neasuring the leﬂ\?f steam.@an oriiice plate is used as a
means to constrict flow. L - ' : :

/
.://
. . ' . o r /./
3 Flow ~wswmpm B A
‘lo l-" B l . / :
Sharp Edge : eve p . Ty o
NN /

Low Pressure
3 °
> - ,

High Pressure —

’

. ‘ Orifice Plate with Prassure Taps
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Liquid flow.
measurenent.

uses a _flow nozzle or venturi tube to

’

\\ ‘

. \ ,
Flow s

r—

——

@& Flow Tube Assembly

Flow Nozzle

Level Wéasurenent DeV1ces

Devices arg\néeded to measure the levels of liquids such as:

H

.

SOV =

The devices nost ‘eommonly used to neasure.levels include:

WA —

S
.

‘Boiler wat

er -

Storage tanks. .

Fuel tapks

COndenger hot well

Gauge 3laéses-

Float weig&t device

" Float cape
Dleerential )ressure gaupe

] \

\\ | l 9

constrict ‘the“flow for'
- i
!/
How nozzle /
f
HIGH LOW -
PRESSURE  ,PRESSURE .
THROAT SECTION M _
ﬁ e ! - .
- [ ] .
: AY —
= J . LS
- MAIN SECTION L
- Venturi Tube

<

The égtual measureiientg are made with 3ressure neasurlng devices.
‘ propoﬁ%lonal to the square root of the pressure drop at the constrlctlon.

v

A

The flow is

b

|
"
i
i
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The gadge 3lass has been discussed in detail in other packages. rloat weizht .

devices use floats inside the tank which are attached to a scale device outside.

" The float noves up and down'with the water level and changes the measurements

Float cage units are attached to a container on the outside. It is-connectéd )

- As the levels cnange, -the ilpat moves up and down. Tae level is rieasured on an .
‘indicetor scale, - & . : |

rise and fall of liquid in tne vessel,
. The movement of the mercury moves a

on the scale.

to the liquid near the bottom of the tank and to the vapor space above the liquid.

r ¢ 1.

L

".}.: .

o~
- ot . . ’ ~

[y i , 2
T SO < : . ' '
tne“float wmanometer is a differential o : )
presgure  pauge. = The nanometer is ‘ " _ S
atta¢hed to tne top 6f the vessel. . : Lo ~ e e

A mercury resarvoir responds to the

float which actuates ‘the indicatQ{:

\ | 10
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Information

Controllers, Transmitters and Actuators

A control system con#fists of three nain parts: A _ . .
o ' w7, . . —_— .

- 1. Controller ¢ ,
"2, Transmitter .
T 3. Actvator e,
Controllexs . S » ' ' g _ :

Controllers sense chanbes in such tnlngs as oressure, tenperature and levels and
send the sigznal on to an actuator which can charge dials and open valves, The
controller must have a sensing device and a signalling device. The signal
device may be operated by electrical signal or by pneumatics. . Some comman
controllers are: : Lo '
' l. On-off controller are set to measure above orlbelow,a set point., A )
. ‘ “flapper is held against a nozzle for maximyn settings and away from the
nozzle- for ninimum settings.

. : * ’
2. Proportional controllers ieasures how much a ngasurement is above or
~below the set peints. . These controllers have some problems with

oifset. Orffset is thn-01f£erence betwveen new corrected valves and the
" set point valves.

‘N

| : | ¥
3. .roporeional,plus intepgral (reset) controller offset problems cap be avoided °
”_eq1 : ~ by adding an adjustable restriction and positive feedback bellows to the
' controller. . The feedback bellows serves as a reset thqt brings ,

measureinzents back to set point.

———

. w -,

4, Prpportional. plus. reset plus derivative controller has, in addition to
the Treset feature, a controller with  a rate action or derivative
feature. 'This featuré consists of a restriction in tlie airline to the
feedback bellows. . ‘A rate action feature causes a quick return to the
set point and the {ihal controls move further in the ‘required
direction. - : E

. “‘"}

Transmitters .

A  transmitter neasures the signal produced by the controller and converts the 1.%“.A
signal into transmission signals, . The transmission signals are sent to the L
controller and indicators. Sone transmitters contain sensing devices rather ¥

‘ ..than_ _the controller. Transnitters onerate on pneunatic or electronic sijnals.,

11 -
. \-’
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Informatlon . 

Transmitters may be classifled as:

l

|

1. Pressure transmitters . ! : o ¥
2. Flow transmitters .  * IR , : -
-3, llevel transmitter '

4,. Temperature transmitter

The pressure transmitter uées a sensor of the Bourdon, bellows or diaphragm
types, The transmitter is arranged in a flapper—nozzle assembly. They. operate
on pneunatlc or electronic.signals.

Flow transmitters use the orifice plate to restrict the flow and .produce a
pressure drop. A bgllows type sensor measures the préssure drop. e

A level transmitter uses a float device to move the flapper./ A feedback bellows

is used to keep the.signal output proportional. .
a Temperature transmitters use a Bourdon tube to move the flapper in relation to
the’ noazle. o _ . '
R _ ) L4
| @ | -
Actuatérs ’ . : . . .
Actuators receive signals from the ' controller and change them into
mechanical motion. The ,pneumatic or- electronic stgnals are changed into
mechanlca] energy fgr open1ng valves, dampers, etc. Actuators may be classified
ac¢ord1ng td\ the signals that they receive-~-pneumatic or electronic.  Another .
" - way to classify .actuators is by the type of motion they produce--rotary or : ;
linear. A positioner may be used to amplify the control'sigmal at low pressures ,
nd using high- pressure alry move the actuator.. ‘ C

v .
Control Systems T,
- . L .
‘Feedwater Controls ' )
| - - . - °
Feedwater control systems may be classified as: o e ’
1. Thermo-hydraulic *
Co 2. Thgrmo-expansion .
. 3. . Single element
.. by Two element
| . . *5. Three element
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The thermo-hydraulic sjstem has a feedwater regulating valve which 1s"actuated

by a generator. An outer tube of the generator is connected to the feedwater

. , ‘regulating valve and the bottom. At the top, both inner and outer tubes are
connected to the steam and water, Heat from steam in the inner .tube cause ' the

water 1in

the outer tube to flash into steam. This forces water into the bellows

which conLrols the opening and closing of the, feedwater valve, : N

Thermo-expan31on regﬁ&a&d(g are a tube mounted‘on a beam and attached’ to the

steam and water -space. As water level drops in tube, its temperature is raised
by - the steam on its -outside. The increased heat expands the tube and actuates

the feedwater regulating valve.

.

Single element control has a drum level transmitter signal differences between

drum levels and the set point. This system is used where slow changesare made
in th@.feedwater load. Single element control only responds to teh drum” level

vuriable.

. Two element controls use a system that responds to both drum level and steam

flow.  The drum level measurement balances water input with steam output., Steam
. flow measurements proportions water .according to the steam flow. -

Three element controls measure steam flowy;feedwater-flow and drum level, ‘ J

[

Combustion Control Systems , R '

-~ The flow of fuel and.air must be regulated to get goodscombustion. The ratio of
fuel to air must be maintained -for combustion efficiency. There are three

types of

1.
. ‘2.
.o , 3.

combustion controls:

On-6ff controls _ i 8 A ' ’ | !t
Positioning controls o ,

Metering controls Py

2

The on-off control system consists of a bellows operated switch  which is

burner .
between

activated by boiler pressure., A drop in pressure will start the fans and

This qystem is ineff1c1ent because of the variatlon of boiler preSsure
'cut in!" and "cut out" points.

13 * o 1

Positioning control involves actuators that position the draft dampers and fuel
valve according to the boiler load, A positioning control is operated by a

master controller that signals the actuators for dampers and full valve.

»

13

LA
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Information

 Metering. control use a master controller to signal the damper and . fuii'fvalve
- actuators, In this case., the signals are based on meastred or metere¢®.amounts
of fuel and air. :

Steam Temperature Control

The temperattre of superheated steam must be constant for turbine efficiency.
Several methods of steam temperature control arg discussed in other packages in
more detail These methods of temperature control are:

1. Combdstion Ras bypese whHich routes combustion gases around the.

superheater to avoid overly high temperatures.

2. fCombdstion gas recirculation which recirculates combustion gases over
the superheater tubes to raise temperatures. ' )

-

3. Desuperheating, by spraying feedwater into the superheated steam to ¢

\ lower temperature.

4, Tilting burners ‘tp vary temperature by thlting burners upward or -

downward.

5. Twin furnaces used on sepa;ately fired superheaters “that - .allows .

temperature control.

6. Attemperation lowers steam temperature by passing it over attemperator _

tubes and desuperheating it.

A three element'control Tor steam temperature uses an attemparator with signals
from three sources, The signals come from the steam or air flow meter, the
thermal element in the attemperator nozzle and a thermal -element in the sécond
stage superheater. The final steam temperature is determined by the thermal
element in the second stage superheater,

¢

1
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Assignment = |\V/ |,

[ il
; Co : ) /,I,'b.
‘ . . 4
~*,. Read pages 1 - 43 in supplementary reference. = Study diagrams . and :
illutrations, - ’ '_h_Eg : : ' :
*  Complete the Job Sheet. . _—
# Complete the self-assessment™and check answers. .
* Complete the post-assessment and ask the instructor t¢'.check your answers.
l - »
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. |
.\
'
\
-
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ANALYZE MEASUREMENT DEVICES ~

-#* (Obtain devices for .measuring temperature, pressure, levels and  flow.
# Carefully inspect them one at a ‘time. =~ . e

* Do the measuring instruments-{it the classificaitons given in this learning
Apackage? ‘ ’ _ : . AT

* Do you understand the principle of their operation?

-~

# Read manufacturers specificatiops and diagrans to enhance your understanding
A of these devices. : .

¥
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As,sessment B

U

I1dicate what the following devices @re used to mnasure. Show_ by placing a code
letter in the space at the iront of the dev1ce. Pressure (?P), Temperature (T),

Flow (F), Level (L) c e . >

_. ..v-‘ ". 0 - ' ’ . _ Q
.71, -Venturi tube o e ' S
| ) 2. Bourdon tibe - ¢

. 3. Gauge glass )
4, Glass sten : ' o
@
5. I'loat cage
(.. . N
: 5. ()r‘fice‘pl-ate K S | %
7. Renote indicating bulb a o :
| - - o -
| .
, 3. Bellows zauge N
: |
} - 9. Thero-electric pyrometer . \&.\
. f ! . [} .
. 10, Dlapnfagm.gauge‘ : . . S ‘ B ' \w
, ' . .- . ‘ ] . o
[ . . . ’
) - ' . - .
P e

17
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- Assessment -

'

<

Please. show these devices as controllers,
(C) for controller, (T) for transmitter or

tfansmi;pgré_br'attuatorq‘hxaplacingl
(A) for ‘actuator in the olank space.

o

‘1. On-off tyde R _' R R s

e v, \ 7 . . AL

v . ’ ,' .

2. Level

_'______ < . g . v"'_
) Y ) - " . - ’ 1 . . . . ’ A i
) . . . RN o - : ' e . ‘ . _.‘ } .
3. Proportional *plus integral reset o A )
4. Flow = = - - . S o T ;' el o

@ — G Tewerswre T 0

)

. v ','v.l" s’ : “’
0. Pressure’ .

7. Rotary .

’ B »
- . . B '/'. o LN

7 ’ ' . . ‘. ) h. . s, \\\\ ..' iy .".' ‘._' v g /// . l.::‘ . .-'_ .V’,b A L
! -~ 8.7 Linear .-. , " e a S

——) ._,' . ,’_"‘ , .. ’ 4 v
e, 1, ) B4 . : o . P P ’ ‘

.. o el o 4 . T N : . N ._". ) S ' . Ce ‘ ' : .
K . : i . ' N N ' v . et
Ce . 9‘ ’neunatic, D : . Do

N . d 2 d : . 3 ¢ . ¥
e Coe e : - e A ' : RS TR - '
. o R ) . ;oa R . . o B
i S A e A

104" Electronic
! . ‘ re . SR i.,

.

R 11701 Provided by ERiC:
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4., - . BOILERS -- PIPING AND STEAM TRAPS : ~ ° -,
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‘m,fThé”épprpntiC@“Qilizbe ab}éfﬁbf&éééribe

‘the parts of a_ bpiler piping system, -

el
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#* Rééd ihe goal and pérformanée indjicators to find what is to be learﬁqd from
{ .. . paCkage'. . A P . _ :

* Read ‘the vocabulary list to find new words that will be used in pa;kage.

¥ INSTRUCTIONAL LEARNING SYSTLMS |

"Study Guide _

# Read the ‘introduction and information sheets.

* Complete
Complete

Complete

the job sheet.
self-assessment.

post-assessnent,
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Alloy steel pipe
Brass pipe '
Bypass and drain line

LCarbon steel pipe
Check valve

Control chamber
Couplings

Drag Valve

Elbows

Flanges

Cate valve

Globe valve

Impulse trap
Inverted bucket trap
Laterals

Qutlet orifice

Plastic pipe

Plug valve

geducers

Stainless steel pipe
Steam trap

Tees

Water hammer

——
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Introduction

The plping for transporting water, steam and condensate ‘through the power plant
is a complex system. These materials are handled at a w1de( range of.
temperatures and pressures. Each set of * conditions require piping with

-characteristics for handling the material without becoming'corroded or eroded,

The piping system must have valves for controlllng the movement of the fluids

through the plant. Steam traps are necessary for removing condensate from the

steam as it travels through the piping.
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Piping S

There is a wide variég}on of pressures, temperatures and chemical- composition of
fluids handled through a power plant. Different fluids require different pipes

for their. transport through the plant. _Spm!ﬂof the common piping materials'qndf_;”

. -their applications .are listed below.

£

14

i Alloy steel -- - high p;éssune, high temperéture;

4 "

Carbon steel —- high »ressure, noderate tem?eraiure. . ‘f : .

. Stainless steel -~ extreme high pressufé‘and temperature and maximum corrosion

and erosion resistance. : . '

-

‘ Copper —- Low pressure, low. temperature where cl_g"@pliness is. essential. . . ¥
. ceilne ' oa ' .

Brass —- low pressure, low temperature where corrosion resistance is important.

'. (] \ . § X ) (] - ° K3 (] (]
Plastic -- low pressure and temperature where corrosion resistance is important.
-, . L e L . .{ﬁ [ ] " . 7 .

R T

Pipes. are joihéd togethefawith couplings, flanges and-welded connectiOns..

LY

- -
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Pibes are also joined by elbows, redugers, tees and 1ateral'fittings. '
- ‘ . ) ' o
- i
F—'T
L
TEE ' " Repycen
o 450 LATERAL '
. ' ' 450 ELBOW . , - . - '
e -- L Sk
“,As  pipe is subjected to extremes in temperature, it tends to  expand and o
. contract. This can tause problems unless allowances have been made for handling
expansion and contraction. Expansion can be controlled by ‘use of expansion
. joints and levels and. .loops. ’ »
. v
} Valves
The ‘pipeline contains several valves whicéh control the flow of 1liquid, One
‘classification of valves is by their function, "i.e. stop valve, throttle yalve, °
control  valve. Another method ‘of classification is eccording to  the
- construction of the valve. The gate valve, globe valve, check valve and
- - plug valve are shown below. . - . _ - - \
."_-',ﬁ'm | $
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Note th the gate valve'is closed by a wedge that moﬁea up and down from a ‘

central &tem that is perpendicular to the line of flow.. The globe valve has a
seal ring that lies parallel to the line of flow. . Check valves only allow a
‘flow in one direction. . A ‘plyg valve opens and closes by a 90orotdtion of the .- .

. cylinder. . C )._....... WHEEL

The individual parts of'é globe'valve are shown in dé‘ail. )
. . “_ . - N .

STEH

N\
7,

Y22

oy .
PACKING NUT

GLAND -

DSy

o
Q1N
L]

&

PACKING

NN

~ BONNET

/

=

s UINTON BONNET RING

. R . . . 7, VA o :
. ' ) . 7 , %4 oisc sTen RING
- ' ' i 9 R 7 il — b1sc
P H]1 N 0N J d
. at . N K A h I

L

DISC & BODY SEAT

-

: ‘ . . | A
. sThepe are a number of special valves used in power plants. One of CQese is the - 4
‘drfy valve. The drag valve is a pressure control valve which consipts of a ,
' 3bdies of stagked discs with flow passages etched into their faces. -
“ : : _ -

T s
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Valves are"usually provided wifh‘bandwheels or other means of leverage that
maké them easy to open, Care must be excercised to prevent leakage through’
closed valves,: Once a valve starts to leak through, it will continue to erod;
No matter how much pressure is applied, ‘it will @bntinUe to. 1¢::1alk.,Q .

. 28 . ) W

Steam Trdps * - .. , ' o ‘ !
A steam line must be drained of condensate. All steam lines need drains to
remove the cgndensate. The removal of condensate from a steam line is done with
steam traps A steam trap holds the steam while condensate continues to flow.
Two types oft steam traps are commonly used: ‘ :

% Impulse trans ® . | ._ .

# Inverted bucket traps. v . ’

¢

In the impulse trap, the pressure of the condensate™cts on the underside of the-

control disc (Q). This opens the outlet orifice (P) which allows condénsate to

flow through. As the c¢qpdensate drains it is replaced by more amd hdtter.

condensate. The arriving condensate flashes into steam around the edge of the

~control disc’ into control chamber (K).  This pressure forces the control ‘disc
down and shuts off the tra). When the condensate cools, the trap will open
again, ' ‘ a

.

IMPULSE TRAP
' L. ~INLET CHAMBER~ .

;x. CONTROL CHAMBER - ) o
0. CONTROL ORIFICE'
Q. CONTROL D1SC

P.' OUTLET ORIFICE

» 0

~

-
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. The inverted bucket trap operates 'somewhat differently 5han the impulse trap.
When the trap is full of water, the bucket rests on the botton of the reservoir =
with its open end over.the trap inlet. The trap discharge valve }s open, When
steamyacts upon the water, ' it causes water to be pushed out of the trap. Steam

‘keplaces the discharged water, causing it to rise and close the discharge valve. -
The closed end of the bucket has a vent hole for air and steam to escape. As
steam and air escape, more water rises in the’bucket. As the water rises in the
bucket, it sinks and closes the discharge valve, )

4

L6

.Bypass and Drain Linés ' .

Bypass lines are secondary pipelines through which fluids.arg routed while the

main lines are out of service, Drain lines are used to remove condensate from .
steam lines. A typical bypass and drain line system is shown in this trap .
installation. _ STEAM MAIN , p”
A / : v
v > ot
| SEPARATOR
} .
A "
' 4 e
. .
h ‘
. [N ) . . Tl 1 ) [ a. .
. GA . -
. | ' T - VRS - BYPAGS .
- N . e ~ - ]
; DIRT } ‘ 3
\ ' wi vo9 LEG conoxns§rnf" : ' .
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Wateer Hammer,'

. . -~ ' '.‘ .
. ~ - When water is confined .under High oressure, it gan be verw dangerous‘ If the~ y.w- o
~flow ‘of water 4s suddenly stopped, it can lead to a condltion knownﬁ.as wvater .
. hanmer, It is a shock force that can cause explosiqn of ‘the” 11ne. \Vertical.%'
waterlines are more likely to have water hammer than hdtizontal lines., Valves' . N
should ~ be opened slowly to avoid.yaterhanmer in either® ater. Qr steam lines. 3
i Hammers 1in sfeam lines can occurnasgc hot water ‘'is admi;'ed into a_cold . line.
Within -steam lines, this conditi is’ more:" likely" “happen ‘in long, »
~horizontal- Yines. This. differs froﬂ'waterllnes whlqh more often occur 'in R
vertical lines. : . L e R |
v I S AR S SN
A ! . ‘ A ' ! "
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. ‘ ) d : ' h ' \ \ ‘ l\ . ;
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. ¥ Complete job sheet,

+. % Complete.

- ) »u ." . ) ) . . ‘ ,I :, I '.: - . |
. N , ' ., v o » . - . L .
self-assessment. Lo y S e
'i . . . \... L :_6" : : ’ * . - £\ . ’
' N ) e . . N ) C L ‘.
. % Complete post-assessment. . L : .
’ v ~ . . V .
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INSPLCT THL, %mné OF A STEAM PLANT

Carefully 1nspect each plpe that ewters the;”"

L Where does the Plpe come from”ﬂr > / }2?
- What does it carryol "y i _:d L Ti‘ :
- Howyarelplpes connected? flanges, couplingsx “_;gi_?ii;fﬁjgfffi*:f':jV,ﬁﬁ{;fifi'
A% What type of materlal? alloy steel c0p9er? _;?a€;% ﬁfﬂ', &

- What kinds ef valves do you see7';gate globeﬁfplug, ot ?;{;;;ﬁ'.:s,hgjeid*;:is

- ~Can you loeate Lhevsteam.traps?j j:- ul f%i;dh 55€145*“3}ffﬁgl. :

- What type of‘steam tgep° .fﬁ;ﬁdl :_?;5?j3 1 :“1”;f. ;

- Is there bypass and draln 1ines9 E;e:_vi_ﬂf_u”~f*m aﬁf:"ﬂ

@

*‘-De yOU' find plplngx values Qnd tr&ps that arq dlfferent from the“ s
descrlotlons in,the 1éarn1ng package" e : RS RS

: & CR A L My,

Ask’ the operator tO explaln those 1tens that were ot described in Dackaaﬁﬁ_"lﬁﬁ:'
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1.« Gate Valve ,' T A, Materials “used  for high
. i B : temperature and. high pressure
) PO L . - ’ plpe.
Inverted bucket . , .
e, '”}- o - B, Material used for extreme
ey TE T e s _ . -high pressure and temnperature
S : pipe with maximum corrosion
DTS resistance.
CUS% 30 Water hammer in’waterlines C. Method of joining sections of-
D e D . : .- | .' o pipe Qogether- . ‘ K ) ;
o o . 'D. Valve seat ring lies parallel
' .. to the line of flow.
. 4. Alloy steel ' N -
' C . &, Valve vedge lies perpendlculaf
' Sooor ~ to the line of flow. ’
5. Copper - = . ..+ F. A type'of stean trap. \. .‘
3 : } . . " '
A ' G. More likely to occur in
- o . - . vertical lines. e
6. Stainless steel | L
i R ' H. More 1likely to.occur in 1ong,
: AT : i horlzontal lines.
7. Couplings _ L. : | X '
’ " 1. 'Maténial used in low pressure,
L R - low temperature piping that
8. Waterhammer in steam lines " requires cleanliness.
o . N .. . J.* daterial used in low temperature, .
%79, Globe,valve o © .~ low pressure piping where
e, ‘ o . -corrosion resigtance is .
S e Ch . important. |
0. Plastic | N e ' . '
N . . -+
. - ',‘)" \ ) N
_—_— el ‘ |
. : oo 130T ,
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Self A ssessment
Answers
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o 0.

‘Whau cause$ a.

'pressures and cortoSmon res%ﬁtanc

Whlch prplng na erial would'yGU'select for low,lgmpé§aﬁﬁfé§ ﬂlow préssures %,
_and_g¢leanlMness” e o R PO S ,

195 BN'N , u"' 3 Al “\%,

‘e
K

AFEA

p'ﬁogwexureﬂa high tempepature and

'.(

ot Th.

e

34

List two onnecning nethodb £or3001nrng plpeQ;i

. o b
L w0
Wt

. ,:

»

A

Lisu two types of"éheam traps.

'c-
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“Sudden stopbing-df flov of water under bressuré.?

Admitting hot water into a cold steam line. - : (L ' ;
Stainless steel -
Carbon steel
Copper
” °
Couplings, flanées, welding - - : : ; .
Slbows, tees, ‘reducers, laterals B : .
‘ . RN
Impulse, inverted bucket
. . : _ e
. Lo A
- Pressure contrql valve = = . o o S \\\
: : . _ : : i \
Check : \ . ' . : N
~ '.'
’ . . .
» .
. »
. |
\. D
] o !
t K * )
N .
o K
v 16 4 \
¢ ) ' » n i
. oy VLTS o o
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